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TITLE OF THE INVENTION : 

USE OF INTERCELLULAR ADHESION MOLECULES, 
AND TEIEIR BINDING UGANDS IN THE TREATMENT OF 

ASTHMA 

This application is a continuation-in-part of application serial no. 
07/401,409, filed September 1, 1989. 

FIELD OF THE INVENTION 

Hie present invention relates to the use of intercellular adhesion 
molecules such as ICAM-1, alone, and in combination with one or more 
additional anti-asthma agents, in the treatment of asthma. The invention 
additionally concerns ligand molecules capable of binding to such 
intercellular adhesion molecules, and to an assay for detecting agents 
having therapeutic potential in the treatment of asthma. 

DESCRIPTION OF THE RELATED ART 
A. CeDular Adhesion 

Leukocytes must be able to attach to cellular substrates in order to 
property defend the host against foreign invaders such as bacteria or 
viruses. An excellent review of the defense system is provided by Eisen, 
H.W., {In: Microbiology, itd Ed., Harper & Row, Philadelphia, PA 
(1980), pp. 290-295 and 381-418). Leukocytes must be able to attach to 
endothelial ceOs so that they can migrate from circulation to sites of 
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ongoing infiammation. Furthermore, tfaey must attach to antigen- 
presentiiig cells so that a normal specific iomiune response can occur, and 
fi^y, thqr must attach to appropriate target cells so that lysis of virally- 
infected or tomor cells can occur. 

Leukocyte sur£Eice molecules involved in mediating such 
attadbments have been identified using hybiidoma technology. Briefly, 
monoclonal antibodies ("MAbs") directed against human T-cells 
(Davignon, D. et aL. Proc Nail Acad. ScL USA 75:4535-4539 (1981)) and 
mouse spleen cells (Springer, T.etaL Eun J. ImnumoL P:301-306 (1979)) 
were identified which bound to leukocyte surfaces and inhibited the 
attachment related fonctions described above (Springer, T, et oL, Fed 
Proa 44:2660-2663 (1985)). The molecules identified by those antibodies 
were called Mac-1 and Lymphoqrte Function-associated Antigen-1 (LFA- 
1)* Mac-1 is found on macrophages, granulocytes and large granular 
lymphocytes. LFA-1 is found on most lymphoqrtes (Springer, TJl., et aL 
Imnumol Rev. <»:111-135 (1982)). These two molecules, plus a third 
molecule, pl50,95 (which has a tissue distribution similar to Mac*l) play 
a role in cellular adhesion (Keizer, G, et oL, Eur. J. Immunol 25:1142- 
1147 (198S))* Molecules such as those of LFA-1 family, which are 
involved in the process of cellular adhesion are referred to as '^adhesion 
molecules." 

Tlie above-described leukocyte molecules were found to be 
structurally similar to one another, and to constitute members of a related 
family of glycoproteins (Sanchez-Madrid, F.etaL, /• Ejper. Med. 158:1785- 
1803 (1983); Keizer, G.D, et oL, Eur, J. ImnumoL 25:1142-1147 (1985)). 
This glycoprotein family is composed of heterodimers having one alpha 
subunit and one beta subunit Although the alpha subunit of each of the 
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antigens differed from one another, the beta subunit was found to be 
highly conserved (Sanchez-Madrid, F. et aL, J. Exper. Med iJ5: 1785-1803 
(^983)). The beta subunit of the glycoprotein family (referred to as 
"CD18" family) was found to have a molecular weight of 95 kd whereas 
the alpha subunits were found to vaiy from 150 kd to 180 kd (Springer, 
T., Fed Ptoc 44:2660-2663 (1985)), Although the alpha subunits of the 
membrane proteins do not share the extensive homology shared by the 
beta subunits, close analysis of the alpha subunits of the glycoproteins has 
revealed that there are substantial similarities between them. Reviews of 
the simflarities betvtreen the alpha and beta subunits of the LFA-1 related 
glycoproteins are provided by Sanchez-Madrid, R et oL, (J. Exper. Med 
158:586-602 (1983); / Ejq)er. Med /5ftl785-1803 (1983)). 

A group of individuals has been identified who are unable to 
express normal amounts of any member of this adhesion protein family 
on their leukocyte cell surface (Anderson, D.C, et oL, Fed Ptoa 44:2671- 
2677 (1985); Anderson, D.C, et id, /. Infect Dis. 252:668-689 (1985)). 
The condition is known as "Leukocyte Adhesion Deficiency" or "LAD" 
syndrome. Leukocytes from these patients displayed m ^ntro defects 
similar to normal counterparts whose CD18 femily of molecules had been 
antagonized by antibodies. Furthermore, these individuals are unable to 
mount a normal immune response due to an inability of their cells to 
adhere to cellular substrates (Anderson, D,C, et aL, Fed Proc. 44:2671- 
2677 (1985); Anderson. D.G, et aL, J. Infect Dis. 752:668-689 (1985)). 
LAD individuals present clinically with delayed umbilical cord separation, 
recurring and progressive soft tissue infections, and impaired pus 
formation, despite a striking blood leukocytosis. Studied of LAD 
individuals have revealed that immune reactions are mitigated when 
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lymphocytes are unable to adhere in a normal fashion due to the lack of 
functional adhesion molecules of the CDI8 family. 

, Thus, in summaiy, the ability of leukocytes, especially lymphocytes 
to maintain the health and viability of an animal requires that they be 
capable of adhering to other cells (such as endothelial cells). This 
adherence has been found to require cell-cell contacts which involve 
specific receptormolecules present on the cell surface of the lymphocytes. 
These receptors enable a lymphocyte to adhere to other lymphocytes or 
to endothelial, and other non-vascular cells. The cell surface receptor 
molecules have been foimd to be highly related to one another. Humans 
whose lymphocytes lack these cell surface receptor molecules exhibit 
defective antibody responses, chronic and recurring infections, as well as 
other clinical symptoms. 

B. Asthma; Clinical Characteristics 

Asthma is a heterogeneous family of diseases. It is characterized 
by a hyper-responsiveness of the tracheobronchi to stimuli (McFadden, 
et oLt la: Harrison's Principles of Internal Medicine, 10th Ed., 
Petersdort R.G. etaL, Eds., McGraw-Hill, NY (1983), pages 1512-1519); 
Kay, AB., j41l€i:gy and Inflammation^ Academic Press, NY (1987); which 
references are incorporated herein by reference). Clinically, asthma is 
manifested by the e^ctensive narrowing of the tracheobronchi, by thick 
tenacious secretions, by paroxysms of dyspnea, cough, and wheezing. 
Although the relative contribution of each of these conditions is unknown, 
the net result is an increase in airway resistance, hyperinflation of the 
lungs and tboiax^ abnormal distribution of ventilation and pulmonary 
blood flow. The disease is manifested in episodic periods of acute 
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symptoms interspersed between symptom-free periods* The acute 
episodes result in hypoxia, and can be fatal. Approximately 3% of the 
general world population suffers from the disease. 

IVo types of asthma have been described: allergic asthma and 
idiosyncratic asthma. Allergic asthma is usually associated with a 
heritable allergic disease, such as rhinitis, urticaria, eczema, etc. The 
condition is characterized by positive wheal-and-£lare reactions to 
intradermal injections of airborne antigens (such as pollen, environmental 
or occupational pollutants, etc.), and increased serum levels of IgE. The 
development of allergic asthma appears to be causally related to the 
presence of IgE antibodies in many patients. Asthma patients who do not 
exhibit the above-described characteristics are considered to have 
idiosyncratic asthma. 

Allergic asthma is believed to be dependent upon an IgE response 
controlled by T and B lymphocytes and activated by the interaction of 
airborne antigen with mast cell-bound pre-formed IgE molecules. The 
antigenic encounter must have occurred at concentrations sufficient to 
lead to IgE production for a prolonged period of tune in order to 
sensitize an individual. Once sensitized, an asthma patient may exhibit 
symptoms in response to extremely low levels of antigen. 

Asthma symptoms may be exacerbated by the presence and level 
of the triggering antigen, environmental factors, occupational factors, 
physical exertion, and emotionarstress. 

Asthma may be treated witii metiiylxanthines (such as 
theophylline), beta-adrenergic agonists (such as catecholamines, 
resordnols, saligenins, and ephedrine), glucocorticoids (such as 
hydrocortisone and d^camethasone), inhibitors of mast cell degranulation 
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(i.e. chromones such as cromolyn sodium) and anticholinergics (such as 
atropine). 

C Asthma: Tmmmiolopical Characteristics 

Asthma is believed to involve an influx of eosinophils 
("eosinophiKa") into the tissues of the lung (Frigas, E.etaL,J. AUagjf Clin. 
ImnumoL 77:527-537 (1986), which reference is incorporated herein by 
reference). Eosinophils contain an argimne-rich, strongly basic protein 
which has been termed "MBP" (Gleich, GJ. et aL, J. £g7cr. Med. 257:1459 
(1973)). MBP comprises more than 50% of the granule protein of the 
eosinophil. 

MBP was found to be toxic to normal mammalian cells, and to be 
e3q}ressed at toxic levels in tissues evidencing eosinophilia, such as the 
lung tissue of asthma patients (Gleich, GJ. etaL, L InammaL 123:2925 
(1975). The linkage between MBP repression and asthma was 
strengthened by the discovery that the MBP levels found in the sputum 
of astfmia patients was elevated relative to normal individuals (Frigas, E. 
etaL, Mayo Clin. Proc. 56'M5 (1981)). Since tiie discovery of MBP, other 
cytotoxic eosinophil proteins have been identified (Frigas, "E. et aL, J. 
AOergj^ Clin. ImmunoL 77'JSlV5yj (1986)), 

Insight into die inununological basis of astbma has been gained 
from the above-described studies, from bronchoalveolar lavage studies 
(Godard, P. et aL, J. Allergy Clin. ImmunoL 70:88 (1982)), and studies of 
respuatory smootii muscle denuded of epitiielium (Havahan, N. A. et aL, 
J. AppL PhysioL Jft834 (1985); Barnes, P. J. et aL, Br. J. PkarmacoL 55:685 
(1985)). Although tiiese studies have not led to the elucidation of tiie 
meclianism undertying the immunology of asthma, they have led to the 
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development of a generally accepted hypothesis concerning the 
immunological etiology of the disease (see, Frigas, E. et oL, /. Allergy Clin. 
InimunoL 77:527-537 (1986)), 

The hallmarks of the pathology of asthma are a massive infiltration 
of the lung parenchyma by eosinophils and the destruction of mucociliaiy 
capacity. The '^eosinophil hypothesis** suggests that eosinophils are 
attracted to the bronchus in order to neutralize harmful mediators 
released by the mast cells of the lung. According to the hypothesis 
eosinophils are attracted to the bronchi where they degranulate to release 
MBP and other cytotoxic molecules. Upon degranulation, eosinophils 
release en^rmes such as histaminase, aiylsulfatase and phospholipase D 
which eni^atically neutralize the harmful mediators of the mast cell. 
These molecules also promote the destruction of the mucodliaiy 
apparatus, and thus prevent the clearing of the bronchial secretions, and 
contribute to the lung damage characteristic of asthma. 

Thus, it is believed that asthma is caused by the eosinophils which 
invade the bronchi in an abnormal response to primary effects of antigen 
presence. The MBP of the eosinophils damage the epithelial cells of the 
bronchi. Leukotrienes and Platelet Activating Factor ("PAF') are 
produced by the eosinophil, and result in bronchial dilation. Molecules 
(such as MBP) released by the eosinophil can also activate mast cells to 
release leukotrienes and histamine, thereby causing both bronchospasm 
and increased eosinophilia. 

In view of the clinical importance of asthma, it is highly desirable 
to identify new or improved therapies for treating asthma patients. 
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SUMMARY OF THE mVENTTON 

The present invention relates to the use of intercellular adhesion 
molecules ("ICAMs^, such as ICAM-1, and the fonctional derivatives of 
such ICAMs in tiie treatment of asfluna. The invention further concerns 
tiie use of molecules (such as antibodies, or antibody fragments, or 
receptor molecules) tbat are able to bind to an intercellular adhesion 
molecule (or a derivative of an ICAM molecule) in the treatment of 
asthma. The invention also includes an assay for detecting agents having 
therapeutic potential in the treatment of asthma. 

The iavention additionally pertains to a method for treating asthma 
in a patient which comprises providing to the patient a therapeutically 
effective amount of an agent selected from the group consisting of: 

(a) an antibody capable of binding to ICAM-1; 

(b) a fragment of the antibody (a), the fragment being capable 
ofbinding to ICAM-1; 

(c) ICAM-1, being substantially free of natural contaminants; 

(d) a functional derivative of ICAM-1; 

(e) an antibody capable of binding to a member of the CD18 
family of glycoproteins; 

(Q a fragment of the antibody (e), the fragment being capable 
of binding to a member of the CD18 family of 
glycoproteins; 

(g) a member of the CD18 family of glycoproteins, being 
substantially free of natural contaminants; and 

(h) a fiinctional derivative of a member of the GDIS family of 
glycoproteins. 
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The inventioii further provides for a combination therapy 
comprising the administration of therapeutically effective amounts of said 
agent in combination with one or more glucocorticoids. 

The invention further provides a method of identifying an agent 
capable of therapeutic potential in the treatment of asthma which 
comprises administering the agent to a non-human mammal (especially a 
primate) having received multiple inhalations of an antigen and then 
measuring any increase in airway responsiveness. 

BRIEF DESCRIPTrON OF THE FIGURES 

Figure 1 shows the nucleotide and amino acid sequence of ICAM-1 
cDNA. The first ATG is at position 58. Translated sequences 
corresponding to ICAM-1 tiyptic peptides are underlined. The 
hydrophobic putative signal peptide and transmembrane sequences have 
a bold underline. N-Iinked glycosylation sites are boxed. The 
polyadenylation signal AATAAA at position 2976 is over-lined. The 
sequence shown is for the HL-60 cDNA clone. The endothelial cell 
cDNA was sequenced over most of its length and showed only minor 
differences. 

Figure 2 shows the domain structure of ICAM-1. 

Figure 3 shows eosinophil adherence, to flat bottom tissue culture 
plate wells protein-coated with no stimulus, protein-coated with PAF (10' 
^) stimulus, immune complex (IC) coated and stunulus, and non-coated 
with no stimulus. Adhered cells were quantitated by a colorimetric assay 
for eosmophil peroxidase (EPO) as mean EPO units ± S.D. 

Figure 4 shows the effect of various monoclonal antibodies (MAbs) 
(supernatant 1:4 dilution) on eosinophil adherence to flat bottom tissue 
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culture plate wells coated with immune complexes (IC). Adhered cells 
were quantitated by a colorimetric assay for eosinophil peroxidase (mean 
EPO units ± S.D.). Statistically significant attenuation of adherence is 
signified by an asterisk. 

Figure 5 shows the effect of various monoclonal antibodies (MAbs) 
(supernatant 1:4 dilution) on PAF (lO'^M) induced eosinophil adherence 
to LPS (10 ng^l)-stimulated and glutaraldehyde-fixed endothelium. 
Adhered cells were quantitated by a colorimetric assay for eosinophil 
peroxidase (EPO um'ts ± S.D.). Statistically significant attenuation of 
adherence is signified by an asterisk. 

Figure 6 shows the effects of anti-ICAM-1 (RRl/1), anti-LFA-1 
beta (R15.7) and anti-HLA class 1 (W6/32) monoclonal antibodies 
(supernatant 1:4 dilution) on (A) platelet-activating factor (PAF, 10*^M) 
induced eosinophil adhesion to lipopolysaocharide (LPS, 10 ng/ml)- 
stimulated human umbilical vein endothelium, and (B) eosinophil 
adhesion to fiat bottom tissue culture plate wells coated with Ascaris 
extract (no stimulus) or immune complex (IC stimulus). Statistically 
significant attenuation of adherence is signified by an asterisk. 

Figure 7 shows the effect of the anti-ICAM*l monoclonal antibody 
Vi6JS on the (A) airway eosinophil infiltration and (B) increase in airway 
responsiveness (decrease in methacholine PC|oo) induced by three 
alternate day inhalations of Ascaris in >i5cafxs*sensitive c^omegalus 
monkeys (Macacafascicularisy Studies with R6.5 treatment are compared 
to bracketing control studies performed on each animal. 

Figure 8 shows changes induced by a single inhalation of antigen 
in (A) inhaled methacholine ^C^qq* (^) bronchoahreolar lavage (BAL) 
eosinophils, (C) BAL neutrophils, (D) BAL macrophages/nionoqrtes, and 
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(E) BAL lymphocytes. Xsq = Kruskal-Wallis Test (Chi-square 
approximation). NSD = no significant difference. Each letter represents 
an individual monkey. 

Figure 9 shows changes induced by multiple inhalations of antigen 
in (A) inhaled methacholine PC^qq and (B) bronchoalveolar lavage 
(BAL) eosinophils. Xsq = Kruskal-Wallis Test (Chi-square approxima- 
tion). Each letter represents an individual monkey. 

Figure 10. (A) The effects of dexamethasone treatment (0.2 
mg/Kg/day, i.m.) on the total number of leukocytes and (B) the number 
of eosinophils recovered by BAL compared to a cross-over control 
(vehicle injection) study. Dexamethasone significantly reduced both the 
total number of leukocytes and eosinophils recovered by BAL after 7 days 
of treatment (C) the effects of R6.5 treatment (2 mg/kg/day, iv.) on the 
total number of leukocytes and (D) the number of eosinophils recovered 
by BAL compared to cross-over control studies. 

Figure 11. TTie effects of treatment with (A) R6,5 and (B) 
dexamethasone on airway responsiveness to inhaled methacholine. R6.5 
treatment had no effect while dexamethasone treatment significantly 
reduced (increased PClOO values) airway hyperresponsiveness. 

Figure 12. Animals were treated with dexamethasone (0.2 
mg/kg/day, im.) for 7 days followed by treatment with R6.5 (2 mg/I^day, 
iv.) (cross-hatched bars) or vehicle (hatched bare) for an additional 7 days. 
(A) Dexamethasone significanUy reduced the total number of leukocytes 
recovered by BAL at day 7 of the study. During the vehicle treatment 
study the number of leukocytes increased to baseline levels by day 14. 
R6,5 treatment sigmficantly inhibited the increase in leukocytes at day 14 
as compared to control values. (B) Dexamethasone significantly reduced 
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the number of eosinophils recovered by BAL at day 7 of the study. 
Vehicle treatment resulted in a significant increase in the number of BAL 
eosinophils at day 14 while treatment with R6.5 significantly inhibited this 
increase in eosinophils. 

Figure 13, Animals were treated with dexamethasone (0^ 
mg/kg/day, im.) for 7 days . followed by either vehicle or R6S (2 
mg/kg/day, iv.) for an additional 7 days. (A) Vehicle treatment had no 
effect of the rebound hyperresponsiveness seen at day 14 of the study. 
(B) R5.5 treatment significantly reduced the rebound hyperresponsiveness 
occurring 7 days after cessation of dexamethasone treatment 

DESCRIFnON OF THE PREFERRED EMBODIMENTS 
A. Tlift Timn nnopathologv of Asthma 

As indicated above, one of the most important and characteristic 
features of asthma is die extreme (10 to 1000 tunes normal) sensitivity of 
the bronchi to inhaled agents physical, chemical and physiological) 
(Boushey, HJL et oL, Anu Rev. Respir. Dis, 121:389 (1980); Hargreave, 
F.B. et oL, /. Allergy Ouu ImmunoL 68iM7 (1981)). 

The severity of this "aiiway hyperresponsiveness" (which is 
measured clinically by determining the responsiveness of the airways to 
inhaled histamine, methacholine, cold air or to exercise) correlates with 
the intensity of asthmatic symptoms (Hargreave, RE. et aL, J. Allergy Clin. 
Imnumol €8:347 (1981); Boulet, L-P et aL, X Allergy Clitu ImmunoL 
71399 (1983); Chan-Yeung, M.etaL,Am. J. Med. 72:411 (1982)), diurnal 
variations in peak flow rates (Ryan G. et oL, Thorax 37:423 (1982)) and 
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therapy required (Hargreave, RE. et al, J. AUergy Clin. Immunol d8:347 
(1981); Juniper, E.F. et dL, Thorax 36:575 (1981)). 
, Although airway hyperresponsiveness in asthmatics can remain 
stable over several years (Juniper E.F. et oL TJuwax 57:288-291 (1982)), 
responsiveness has been shown to be increased by exposure to allergens 
(Boulet L.-P. et aL, J. Allergy. Clin. Immunol 77:399-406 (1983), Cartier 
A.etaL,J. AUe/gy din. Immunol 70:170-177 (1982), Cockcroft D.W. et 
al, Clinical AUergy 7:503-513 (1977), Gundel R.H. etal, Amer. Rev. Respir. 
Dis. 140:629-63$ (1989). Lanes S. et al, J. Appl Physiol 61:864-872 (1986), 
Marsh W.R. et al, Amer. Rev. Respir. Dis. 131:875-879 (1985), Sotomayor 
H. et al, Amer. Rev. Respir. Dis. 130-36-58 (1984)), air pollutants (Golden 
J.A. et al, Amer. Rev. Respir. Dis. 118:287-294 (1978)), viral infections 
(Empey D.W. et al, Amer. Rev. Respir. Dis. 113:131-139 (1976)) and 
certain occupational d chemicals (Chan-Yeung M. et al, Amer. J. Med. 
72:411-415 (1982), Durham S.R. et al, J. Allergy Clin. Immunol 7P:398-406 
(1987), Lam S. et al, J. Allergy Oin. Immunol 72:134-139 (1983), Lam S. 
et al, /. AUergy Clin. Immunol 63:28-34 (1979)). In fact, there is evidence 
to suggest that airway hyperresponsiveness is a consequence rather that 
a predisposing factor of asthma (Boulet L.-P. et al, J. Aller^. din. 
Immunol 77:399-406 (1983), C3ian-Yeung M. et al, Amer. J. Med. 72:411- 
415 (1982), Gundel R.H. et al, Amer. Rev. Respir. Dis. 140:629-633 (1989), 
Marsh W.R. et al, Amer. Rev. Respir. Dis. JJ/:875-879 (1985), Empey 
D.W. et al, Amer. Rev. Respir. Dis. 725:131-139 (1976), Lam S. et al, J. 
Allergy din. Immunol 63:28-34 (1979)). 

While the mechanisms underlying the padiogenesis of airway 
hyperresponsiveness are not known, results bom many studies suggest, as 
indicated above, that eosinophil infiltration and desquamation of the 
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bTonchial epithelium are involved (DeMonchy, J.G.R. et aL, Am. Rev. 
Respa-. Dis. 131-373 (1985); Laitinen, L.A. et aL, Am. Rev. Respir. Dis. 
1^7:61 (1988)). Siace eosinophil mediators have been shown to damage 
ainway epithelial cells in vitro these two events may be linked (Frigas, E. 
et aL, J. Allergy Clin. ImmunoL TT'Sn (1986)). 
B. ^sthma a nd fatercellnlar Adhesion 

Tlie present invention derives, in par^ from the development of an 
assay capable of identifying agents having therapeutic potential in the 
treatment of asthma. 

As used herein, "asthma*" refers to either allergic or idiosyncratic 
asthma. An agent is said to have a therapeutic potential in the treatment 
of asthma if it may lessen (i.e. attenuate) the severity, extent or duration 
of the astimia symptoms. Such agents are preferably identified through 
the use of the following "asthma model system". As used herein, an agent 
is said to be able to treat asthma when administered to a patient, the 
agent is capable of attenuating either the severity, extent or duration of 
the asthma symptoms. 

One aspect of the present invention derives from the discovery that 
the migration of eosinophils into the lung is dependent upon intercellular 
adhesion, and specifically that such adhesion is dependent upon an 
"ICAM-F (^tercellular Adhesion Molecule-l") interaction. 

As used herein, a molecule is a member of the CD18 family of 
glycoproteins is it contains either an alpha subunit of a member of the 
CD18 family of glycoproteins (i.e. a CDll subunit), a beta subunit of a 
member of the CD18 6unily of glycoproteins (Le. a CD18 beta subunit), 
or both an alpha and a beta subunit of a member of the CD18 family of 
glycoproteins. Thus, as used herein, a member of tiie CD18 famfly of 
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glycoproteins includes molecules having only one subunit of a CD18 
member as wen as heterodimcr (ic. a molecule having both an alpha and 
a Jjeta subunit of a member of the CD18 family. AD such molecules may 
be either bound to a membrane or solid support or unbound (i.e. 
"soluble"). 

•ICAM-l" is the natural ligand for the CD18 family of glycoprotein 
receptor molecules (Rothlein, R. et aL, J. ImmunoL 137:1270 (1986); 
Marlin. S.D, et aL, Cett 51:813 (1987)). ICAM-1 is a 76-97 Kd 
glycoprotein. ICAM-1 is not a heterodimer. The identification, 
characterization, and amino acid sequence of ICAM-1, and the production 
of antibody reactive with ICAM-1 and other adhesion molecules are 
disclosed in European Patent Application Serial No. 289.949 (which 
reference is incorporated herein by reference) and in Rothlein, R.etaL 
(J. ImmunoL 757:1270-1274 (1986)), Smith, CW. et aL, in Structure and 
Function of Molecules Involved in Leukocyte Adhesion, A.S. Rosenthal, et 
fl£3ds. (Springer-Verlag, New York. 1989); Smith, CW. et aL, J, Clin. 
InvesL «2:1746 (1988) and Barton, R.W. et aL. /. ImmunoL 143, (1989)), 
aU of which references are incorporated herein by reference). 

In briet ICAM-1 is a cell surface glycoprotein expressed on non- 
hematopoietic ceUs such as vascular endothelial cells^ thymic epitheUa] 
cells, certain other epithelial cells, and fibroblasts, and on hematopoietic 
cells such as tissue macrophages, mitogen-stimulated T lymphocyte blasts, 
and germinal centered B cells and^dendritic cells in tonsils, lymph nodes, 
and Peyer's patches. ICAM-l is highly expressed on vascular endothelial 
cells in T ceU areas in lymph nodes and tonsils showing reactive hyper- 
plasia. ICAM-1 is expressed in low amounts on peripheral Wood 
lymphocytes. ICAM-1 appears to be required for neutrophU migration 
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into inflamed tissues. Phorbol ester-stimulated differentiation of som 
myelomonocytic cell lines greatly increases ICAM-1 expression. Thus, 
ICAM-1 is preferentiaUy expressed at sites of inflammation, and is not 
generally expressed by quiescent cells. ICAM-1 expression on demial 
fibroblasts is increased threefold to fivefold by either interleukin 1 or 
gamma interferon at levels of 10 U/ml over a period of 4 or 10 hours, 
respectively. Tlie induction is dependent on protein and mRNA synthesis 
and is reversible* 

ICAM-1 displays molecular weight heterogeneity in different cell 
^es with a molecular weight of 97 kd on fibroblasts, 114 kd on the 
myelomonoqrtic cell line U937, and 90 kd on the B iymphoblastoid cell 
JY. ICAM»1 biosynthesis has been found to involve an approximately 73 
kd intracellular precursor. Hie non-N-glycosylated form resulting firom 
tunicamydn treatment (which inhibits glycosylation) has a molecular 
weight of 55 kd* 

ICAM-1 isolated from phorbol ester stimulated U937 cells or from 
fibroblast cells yields an identical major product having a molecular 
weight of 60 kd after chemical deglycosylation. ICAM-1 monoclonal 
antibodies interfere with the adhesion of phytohemagglutinin blasts to 
LFA-1 deficient cell lines. Pretreatment of fibroblasts^ but not 
lymphocytes, with monoclonal antibodies capable of binding ICAM-1 
inhibits fymphocyte-fibroblast adhesion. Pretreatment of lymphoqrtes, but 
not fibroblasts, with antibodies against LFA-1 has also been found to 
inhibit lymphoc^-^fibroblast adhesion. 

ICAM-1 is, thus, the binding ligand of molecules of the CD18 
funily of gj^ycoproteins. It is inducible on fibroblasts and endothelial cells 
m vUro by inflammatoiy mediators such as IL-1, gamma interferon and 
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tumor necrosis lEactor in a time frame consistent with the infiltration of 
Ijanphoc^tes into inflammatoiy lesions in vivo (Dustin, M.L., et oL, J. 
Itifmunol 757:245-254, (1986); Prober, J.S., et aL, J. Immunol /i7:1893- 
1896, (1986)). Further ICAM-1 is expressed on non-hematopoietic cells 
such as vascular endothelial cells, thymic epithelial cells, other epithelial 
cells, and fibroblasts and on hematopoietic cells such as tissue 
macqphages, mitogen-stimulated T lymphocyte blasts, and genninal center 
B-cells and dendritic cells in tonsils, lymph nodes and Peyer's patches 
(Dustin, M.L. et aL, /, Immunol 157:245-254, (1986)). ICAM-1 is 
expressed on keratino(^es in benign inflammatory lesions such as allergic 
eczema, lichen planus, exanthema, urticaria and bullous diseases. Allergic 
skin reactions provoked by the application of a hapten on the skin to 
which the patient is allergic also revealed a heavy ICAM-1 expression on 
the keratinocytes. On the other hand toxic patches on the skin did not 
reveal ICAM-1 expression on the keratinoqrtes. ICAM-1 is present on 
keratinocytes from biopsies of skin lesions from various dennatological 
disorders and ICAM-1 expression is induced on lesions from alleigic patch 
tests while keratinocytes from toxic patch test lesions failed to express 
ICAM-L 

Yet another aspect of the invention is the discoveiy that agents 
which prevent or inhibit cellular adhesion are useful in the treatment of 
asthma. 

One example of agents which may be used in accordance with the 
present invention are ICAM-1 and fiinctional derivatives of ICAM-1. 
Since ICAM-1 mediates cellular adhesion by binding to a receptor 
molecule on the eosinophil cell surface, functional derivatives of ICAM-1 
which can bind to the ICAM-1 receptor present on eosinophils will 
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compete with the ICAM-1 on lung endothelial cells, thus attenuating 
cellular adhesion of the eosmophOs, and providing a treatment for asthma. 

A "fiinctional derivative" of ICAM-1 is a compound which 
possesses a biological activity (either functional or structural) that is 
substantially similar to a biological activity of ICAM-1. The tenn 
"functional derivatives" is intended to include the "fragments," "variants," 
"analogs," or "chemical derivatives" of a molecule. A "fragmenf of a 
molecule such as ICAM-1, is meant to refer to any polypeptide subset of 
the molecule. Fragments of ICAM-1 which have ICAM-1 activity and 
which are soluble (i.e not membrane bound) are especially preferred. 

ICAM-1 is composed of 7 domains (Staunton, D.E. et aL, ImmunoL 
Today P:213-215 (1988); Staunton. D.E. et aL, CeU 52:925-934 (1988); 
Staunton, D.E. et aL, CeU 5d:849-854 (1989); Staunton, D.E. et aL, Tissue 
AnUgens 33'J&1 (1989), all of whidi references are incorporated herein by 
reference). The domains of ICAM-1 are shown in Figure 2. Domains 1 
and 2 have been found to be important for the binding of ICAM-1 to its 
receptor molecule (Staunton, D.E. et id.. Tissue Antigens 33-2Z6 (1989); 
Staunton, D.E. et aL, FASEB J. 5: A446 (1989) both of which references 
are incorporated herein by reference). In accordance with the present 
invention, ICAM-l functional derivatives, and espedally such derivatives 
which comprise fragments or mutant variants of ICAM-1 which possess 
both domains 1 arid 2 can be used in the treatment or ttierapy of asthma. 
More preferred for such treatment or therapy are ICAM-1 fragments or 
mutant variants which contain domain 2 of ICAM-1. Most preferred for 
sudbi treatment or therapy are ICAM-1 fragments or mutant variants 
which contain domain 1 of ICAM-1. 
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A "variant" of a molecule such as ICAM-1 is meant to refer to a 
molecule substantially similar in structure and function to either the entire 
n^olecule, or to a fragment thereof 

A molecule is said to be "substantially similar" to another molecule 
if both molecules have substantially similar istructures or if both molecules 
possess a similar biological activity. Thus, provided that two molecules 
possess a similar activity, they are considered variants as that term is used 
herein even if the structure of one of the molecules not found in the 
oiher» or if the sequence of amino acid residues is not identical. An 
"analog" of a molecule such as ICAM-1 is meant to refer to a molecule 
substantially similar in function to either the entire molecule or to a 
fragment thereof. As used herein, a molecule is said to be a "chemical 
derivative" of another molecule when it contains additional chemical 
moieties not normally a part of the molecule. Such moieties may improve 
the molecule's solubility, absorption, biological half life* etc. The .moieties 
may alternatively decrease the toxicity of the molecule, eliminate or 
attenuate any undesirable side effect of the molecule, etc. Moieties 
capable of mediating such effects are disclosed in Remmgton*s 
Pharmaceutical Sciences (1980). "Toxin-derivatized" molecules constitute 
a special class of "chemical derivatives." A "toxin-deri^mtized" molecule is 
a molecule (such as ICAM-1 or an antibody) which contains a toxin 
moiety. The binding of such a molecule to a cell brings the toxin moiety 
into close proximity with the cell and thereby promotes cell death. Any 
suitable toxin moiety may be employed; however, it is preferable to 
employ tcndns such as, for example, the ricin toxin, the diphtheria toxin, 
radioisotopic toxins, membrane-channel-forming toxins, etc. Procedures 
for coupling such moieties to a molecule are well known in the art 
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An additional example of agents which may be used in accordance 
with the present invention to treat asthma are LFA-1, Mac-1 or pl50,95, 
o^ the functional derivatives of these molecules. Such molecules and their 
fimctional derivatives can provide a treatment for asthma by virtue of 
their capacity to bind to the ICAM-1 of endothelial cells, and thus impair 
the ability of such cells to mediate binding and adhesion of eosinophils. 

Of special interest to the present invention are functional 
derivatives of LFA-I, Mac-1 or pl50,95 which are soluble molecules. Of 
special interest are functional derivatives of these molecules which are 
heterodimers (containing both the alpha and beta subunits of the 
molecules) and monomeric derivatives capable of binding ICAM-1- 
Soluble heterodimers are especially preferred. 

ICAMrl and the members of the CD18 family of molecules are 
immunogenic molecules. Thu^ it is possible to obtain antibodies capable 
of binding to ICAM-1 or members of the CD18 femily of molecules. 
Such antibodies may be used in accordance with the methods of the 
present invention in the treatment of asthma. 

Such antibodies may be obtained by introducing either the purified 
molecules (or cells which naturally ej^ress these molecules) into an 
appropriate animal, as by intraperitoneal mjection, etc. If desired, the 
serum of such an animal may be removed and used as a source of 
polyclonal antibodies capable of binding these molecules. It is, however, 
preferable to remove splenoqrtes from such animals, to fiise such spleen 
cells with a myeloma cell line and to permit such fiision cells to form a 
hybridoma cell which secretes monoclonal antibodies capable of binding 
ICAM-1 or members of the CD18 family of molecules. 
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The hybridoma cells, obtained in the manner described above may 
be screened as described above to identify desired hybridoma cells that 
SQcrete antibody capable of binding either to ICAM-1 or to members of 
the CD18 family of molecules (either the alpha or beta subunit). 

Since such antibodies have the capacity to bind to ICAM*1 or its 
receptor, they (and their fragments having antigen binding ability, such as 
Fab, F(ab)2, etc.) may be used to attenuate cellular adhesion, and thus 
provide an additional example of an agent which may be used in 
accordance with the present invention to treat asthma. 

As indicated above, both polyclonal and monoclonal antibodies 
may be employed in accordance with the present invention. Of special 
interest to the present invention are antibodies to ICAM-1 (or their 
functional derivatives), or to members of the GDIS family (or their 
functional derivatives), which are produced in humans, or are "humanized" 
(ie« non-inmiunogenic in a human) by recombinant or other technology. 
Humanized antibodies may be produced, for example by replacing an 
immunogenic portion of an antibody with a corresponding, but non- 
immunogenic portion (i.e. chimeric antibodies) (Robinson, RJR. et a/.. 
International Patent Publication PCTA;S86y02269; Akira, K. etal, 
European Patent Application 184,187; Taniguchi, M., European Patent 
Application 171,496; Morrison, S.L. et oL, European Patent Application 
173,494; Neuberger, M.S, et oL, PCT Application WO 86/01533; CabiUy, 
S. et oL, European Patent Application 125,023; Better, M. et oL, Science 
2^0:1041-1043 (1988); Liu, A.Y. etaL, Proa NatL Acad. ScL USA 
5^:3439-3443 (1987); Liu, AY. et oL, /. Immunol iJ9:3521-3526 (1987); 
Sun, L.K. et oL, Proa NatL Acad. ScL USA W:214-218 (1987); Nishimura, 
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Y. etaL, Cane Res. ¥7:999-1005 (1987); Wood, CR. etoL, Nature 
314:446-449 (1985)); Shaw etaL, J. NatLCancer InsL *(?:1553-1559 (1988). 

, General reviews of "humanized" chimeric antibodies are provided 
by Morrison. S.L. {Sdence, 229:12102-1107 (1985)) and by Oi, V.T. et aL, 
BioTedmiques 4:214 (1986)). 

Suitable "humanized" antibodies can be alternatively produced by 
CDR or CEA substitution (Jones, P.T. et oL, Nature 522:552-525 (1986); 
Verhoeyan et oL, Science 2JP:1534 (1988); Beidler, CB. et aL, L Immunol 
Wi:4053.4060 (1988)). 

The anti-asthma agents of the present invention may be obtained 
by natural processes (such as, for example, by inducmg an animal, plant, 
fungi, bacteria, etc., to produce a non-immunoglobulin antagonist of 
ICAM-1, or by inducing an animal to produce polyclonal antibodies 
capable of binding to ICAM-1); by synthetic methods (such as, for 
example, by using the Merrifield method for synthesizing polypeptides to 
synthesize ICAM-1, functional derivatives of ICAM-1, or protein 
antagonists of ICAM-1 (either immunoglobulin or non-immunoglobulin)); 
by hybridoma technology (such as, for example, to produce monoclonal 
antibodies capable of binding to ICAM-1); or by recombinant technology 
(such as^ for example, to produce the anti-asthma agents of the present 
invention in diverse hosts (i.e., yeast, bacteria, fungi, cultured mammalian 
cells, etc.), or from recombinant plasmids or viral vectors), or by 
proteolysis. The choice of which method to employ will depend upon 
factors such as convenience, desired yield, etc. It is not necessaiy to 
employ only one of the above-described methods, processes, or 
technologies to produce a particular anti-asthma agent; the above- 
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described processes, methods, and technologies may be combined in order 
to obtain a particular anti-asthma agent 

, Functional derivatives of ICAM-1, or a member of the CD18 
family, having up to about 100 residues may be conveniently prepared by 
in vitro synthesis. If desured, such fragments may be modified by reacting 
targeted amino acid residues of the purified or crude protein with an 
organic derivatizing agent that is capable of reacting with selected side 
chains or terminal residues. The resulting covalent derivatives may be 
used to identify residues important for biological activity. In the 
embodiments listed below, this aspect of the invention is described with 
reference to the functional derivatives of ICAM-1. Such methods may 
also be employed to produce functional derivatives of any member of the 
GDIS £amily of molecules. 

Cysteinyl residues most commonly are reacted with a-haloacetates 
(and corresponding amines), such as chloroacetic acid or chloroacetamide, 
to give carboxymethyl or carboTcyamidomethyl derivatives. Cysteinyl 
residues also are derivatized by reaction with bromotrifluoroacetone, a- 
bromo-b-(5-imidozoyI)propionic acid, chloroacelyl phosphate, N- 
alk/hnaleimides, 3-nitro-2-pyridyl disulfide, methyl 2-pyridyl disulfide, p- 
chloromercuribenzoate, 2-chloromercuri*4-mtrophenol, or chloro-7- 
nitrobenzo-2-oxa-l,3-diazole. 

Histidyl residues are derivatized by reaction with 
diethylprocarbonate at pH 5 J-7.0 because this agent is relatively specific 
for the histidyl side chain. Para-bromophenacyl bromide also is useful; 
the reaction is preferably performed in 0.1 M sodium cacodylate at pH 
6.0, 
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Lysii^l and amino tenninal residues are reacted with succinic or 
other caib<H^lic acid anhydrides. Derivatization with these agents has the 
e^ect of reversing the charge of the lysinyl residues. Other suitable 
reagents for derivatizing a-amino-containing residues include imidoesters 
such as methyl picolinimidate; pyridoxal phosphate; pyridofxal; 
chioroborohydride; trinitrobenzenesulfonic add; O-methylissurea; 2,4 
pentanedione; and transaminase-catalyzed reactioD with glyojgrlate. 

Arginyl residues are modified by reaction with one or several 
conventional reagents, among them phenylglyoxal, 2,3-butanedione, 1,2- 
cyclohexanedione, and ninhydrin. Derivatization of arginine residues 
requires that the reaction be performed in alkaline conditions because of 
the high pl^ of flie guanidine functional group. Furthermore, these 
reagents may react with the groups of lysine as well as the arginine 

epsflon-amino group. 

The specific modification of lyrosyl residues perse has been studied 
extensivefy, with particular interest in introducing spectral labels into 
terosyl residues by reaction with aromatic diazonium compounds or 
tetranitromethane. Most commonly, N-acefylimidizol and 
tetranitrometiiane are used to form O-acetyl tyrosyl species and 3-nitro 
derivatives^ respectively, lyrosji residues are iodinated using "'l or 
to prepare labeled proteins for use in radioimmunoassay, the chloramme 
T me&od being suitable. 

Carbojg'l side groups (asparlyl or glutamyl are selectively modified 
by reaction with carbodihnides (R'-N-C-N-R*) such as l-cyclohexyl-3-(2- 
moipholin)d-(4- ethyl) carbodiimide or l-ethyI-3 (4 azonia 4,4- 
dimefhylpentyl) carbodiimide. Furthermore, aspar^ and glutamyl 
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residues are converted to asparaginyl and glutaminyl residues by reaction 
with ammonium ions. 

, Derivatization with bifiinctional agents is usefiil for o^osslinking an 
ICAM-1 functional derivative molecule to a water-insoluble support 
matrix or surface for use in the method for cleaving an ICAM-1 
fonctional derivatives fusion pofypeptide to release and recover the 
cleaved polypeptide. Commonly used crosslinking agents include, c.g., 

l,l-bis(diazoacetyl)-2-phenylethane,glutaraldehyde,N-hydrojg«uccinimide 
esters, for example, esters with 4-azidosalicylic acid, homobifiinctional 
imidoesters, including disuccmunidyl esters such as 3,3'-dithiobis 
(succinimidylpropionate), and bifiinctional maleunides such as bis-N- 
malemiido-l,8-octane. Derivatizing agents such as methyI-3-[(p- 
a2idopheiiyl)dithio]propiomiidate yield photoactivable intermediates that 
are capable of forming crosslinks in tiie presence of light Alternatively, 
reactive water-insohible matiices such as cyanogen bromide-activated 
carbohydrates and the reactive subsfates described in U.S. Patent Nos. 
3,969,287; 3,691.016; 4,195,128; 4,247,642; 4,229,537; and 4,330,440 are 
employed for protein immobilization. 

Glutaminyl and asparaginyl residues are frequently deamidated to 
the correqjonding glutamyl and aspartyl residues. Alternatively, these 
residues are deamidated under mildly acidic conditions. EiUier form of 
these residues falls within die scope of tius invention. 

Other modifications include hydroxylation of proline and lysine, 
phosphorylation of hydroxyl groups, of seiyl or tiieonyl residues, 
methyiation of flie a-amino groups of lysine, arginine, and histidine side 
chains (T.E. Crejgfaton, Proteins: Structure and Molecule Properties, W,H. 
Freeman & Co., San Francisco, pp. 79-86 (1983)), acelylatoon of the N- 
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tenninal amine, and, in some instances, amidation of the C-tenninal 
csLTboxyl groups. 

Functional derivatives of ICAM-1 having altered amino acid 
sequences can also be prepared by mutations in the DNA. The 
nucleotide sequence which encodes the ICAM-1 gene is shown in Figure 
1, Such variants include, for example, deletions from, or insertions or 
substitutions o^ residues within the amino acid sequence shown in Figure 
1. Any combination of deletion, insertion, and substitution may also be 
made to arrive at the final construct, provided that the final construct 
possesses the desired activity. Obviously, the mutations that will be made 
in the DNA encoding the variant must not place the sequence out of 
reading frame and preferably will not create complementaiy regions that 
could produce secondary mRNA structure (see BP Patent Application 
PubKcation No. 75,444). 

At the genetic level, these functional derivatives ordinarily are 
prepared by site-directed mutagenesis of nucleotides in the DNA encoding 
the ICAM-1 molecule, thereby producing DNA encoding the functional 
derivative, and thereafter expressing the DNA in recombinant cell culture. 
The fimctional derivatives typically exhibit the same qualitative biological 
activity as the naturally occurring analog. They may, however, differ 
substantially in such characteristics with respect to the normally produced 
ICAM-1 molecule. 

While the site for introducing an amino add sequence variation is 
predetermined, the mutation per se need not be predetennined. For 
example, to optimize the performance of a mutation at a given site, 
random mutagenesis may be conducted at the target codon or region and 
the expressed ICAM-1 functional derivatives screened for the optimal 
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combination of desired activity. Techniques for making substitution 
mutations at predetermined sites in DNA having a known sequence are 
w^Il known, for example, site*specific mutagenesis. 

Preparation of an ICAM*1 functional derivative molecule in 
accordance herewith is preferably achieved by site-specific mutagenesis of 
DNA that encodes an earlier prepared functional derivatives or a 
nonvariant version of the protein. Site-specific mutagenesis allows the 
production of ICAM-1 functional derivatives through the use of specific 
oligonucleotide sequences that encode the DNA sequence of the desired 
mutation, as well as a sufficient number of adjacent nucleotides, to 
provide a primer sequence of sufficient size and sequence complexity to 
fomi a stable duplex on both sides of the deletion junction being 
traversed, l^pically, a primer of about 20 to 25 nucleotides in length is 
preferred, with about 5 to 10 residues on both sides of the junction of the 
sequence being altered. In general, the technique of site-specific 
mutagenesis is well known in the art, as exemplified by publications such 
as Adefanan et aL, DNA 2:183 (1983), the disclosure of which is 
incorporated herein by reference. 

As will be appreciated, the site-specific mutagenesis technique 
typically employs a phage vector that exists in both a single-stranded and 
double-stranded form, lypical vectors useful in site-directed mutagenesis 
include vectors such as the M13 phage, for example, as disclosed by 
Messing et oL, Third Cleveiand Symposium on Macromolecules and 
Recombinant DNA, Editor A. Walton, Elsevier, Amsterdam (1981), the 
disclosure of which is incorporated herein by reference. These phage are 
readily commercially available and their use is generally well known to 
those skilled in the art Alternatively, plasmid vectors tiiat contain a 
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single-stranded phage origin of replication (V ira et oL, Afettu Ertzymol 
153*3 (1987)) may be employed to obtain single-stranded DNA. 

la general, site-directed mutagenesis in accordance herewith is 
performed by first obtaining a single-stranded vector that includes within 
its sequence a DNA sequence that encodes the relevant protein. An 
oligonucleotide primer bearing the desired mutated sequence is prepared, 
generally syntheticaUy, for example, by the method of Crea ei oL, Ptoa 
Nad. Acad. ScL (USA) 75:5765 (1918). This primer is then annealed with 
the single-stranded protein-sequence-containing vector, and subjected to 
DNA-poIymerizing enemies such as E. coU polymerase I Klenow 
fragment, to complete the synthesis of the mutation-bearing strand. Thus, 
a mutated sequence and the second strand bears the desired mutation. 
This heferoduplex vector is then used to transform appropriate cells, such 
as JMlOl cells, and clones are selected that include recombinant vectors 
bearing the mutated sequence arrangement 

After such a clone is selected, the mutated protein region may be 
removed and placed in an appropriate vector for protein production, 
generally an eiqpression vector of the ^e that may be employed for 
transformation of an appropriate host 

Amino acid sequence deletions general^ range from about 1 to 30 
residues, more preferably 1 to 10 residues, and typically are contiguous. 

Amino add sequence insertions include amino and/or carboxj^l- 
terminal fusions of from one residue to polypeptides of essentially 
unrestricted length, as well as intrasequence insertions of single or 
multiple amino acid residues. Intrasequence insertions (i«e., insertions 
within the complete ICAM-1 molecule sequence) may range generally 
from about 1 to 10 residues, more preferably 1 to 5. An example of a 
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tenninal insertion includes a fusion of a signal sequence, whether 
heterologous or homologous to the host cell, to the N-tenninus of the 



m^olecule to facilitate the secretion of the ICAM-1 functional derivative 
from recombinant hosts. 

The third group of functional derivatives are those in which at least 



one amino acid residue in the ICAM-1 molecule, and preferably, only 
one, has been removed and a different residue inserted in its place* Such 
substitutions preferably are made in accordance with the following Table 
1 when it is desired to modulate finely the characteristics of the ICAM-1 
molecule. 



TABLE 1 



Original Residue 



Exemplary Substitutions 



Ala 
Arg 
Asn 
Asp 

cys 

Gin 
Glu 
Gly 
His 

ne 

Leu 

Lys 

Met 

Phe 

Ser 

Thr 

Trp 

lyr 

Val 



tyr 

tip; phe 
fle; leu 



ser 



arg; gin; glu 
leu; tyi^ ile 
met; leu; tyr 



thr 



ala; pro 
asI^ gin 
leu; val 
ile; val 



asp 



glu 
ser 



asn 



gly; ser 

lys 

gin; his 
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Substantial changes in functional or immunological identity are 
made by selecting substitutions that are less conservative than those in 
T?ble 1, i.e., selecting residues that differ more significantly in their cfiEect 
on maintaming (a) the structure of the polypeptide backbone in the area 
of flie substitution, for example, as a sheet or helical conformation, 

(b) the charge or hydrophobidty of the molecule at the target site, or 

(c) the bulk of the side chain. The substitutions that in general are 
expected to those in which (a) glycine and/or proline is substituted by 
another amino acid or is deleted or inserted; (b) a hydrophilic residue, 
e.g., seiyl or threonyl, is substituted for (or by) a hydrophobic residue, 
e.g., leucyl, isoleucyl, phenylalanyl, valyl, or alanyl; (c) a cysteine residue 
is substituted for (or by) any other residue; (d) a residue having an 
electropositive side chain, e.g., lysyl, arginyl, or histidyl, is substituted for 
(or by) a residue having an electronegative charge, e.g., glutamyl or 
aspartyl; or (e) a residue having a buO^ side chain, e«g^ phenylalanine, is 
substituted for (or by) one not having such a side chain, e.g., glycine. 

Most deletions and insertions, and substitutions in particular, are 
not expected to produce radical changes in the characteristics of the 
ICAM-1 molecule. However, when it is difficult to predict the exact 
effect of the substitution, deletion, or insertion in advance of doing so, 
one sKUed in the art will appreciate that the effect will be evaluated by 
routine screening assays. For example, a functional derivative typically is 
made by site-spedfic mutagenesis of the native ICAM-1 molecule- 
encoding nucleic add, expression of the variant nucleic add in 
recombinant cell culture, and, optionally, purification from the cell 
culture, for example, by immunoaffinity adsorption on an anti*ICAM*l 
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molecule antibody column (to absorb the functional derivative by binding 
it to at least one remaining immune epitope). 

, The activity of the cell lysate or purified ICAM-1 molecule 
functional derivative is then screened in a suitable screening assay for the 
desired characteristic. For example, a change in the immunological 
character of the functional derivative, such as afSnity for a given antibody, 
is measured by a competitive type immunoassay. Changes in 
immunomodulation activity are measured by the appropriate assay. 
Modifications of such protein properties as redox or thermal stability, 
biological half-life, hydrophobicity, susceptibility toproteoljrtic degradation 
or the tendency to aggregate with carriers or into multimers are assayed 
by methods well known to the ordinarily skilled artisan. 

C. Administration of the Compositions of the Present Invention 

The therapeutic effects of the anti-asthma agents of the present 
invention may be obtained by providing such agents to a patient by any 
suitable means (i.e. intravenously, intramuscularly, subcutaneously, 
enterally, or parenterally). It is preferred to administer the agents of tiie 
present invention intranasally as by nasal spray, swab, etc. It is especially 
preferred to administer such agents by oral inhalation, or via an oral spray 
or oral aerosol. When administering agents by injection, the 
administration may be by continuous infusion, or by single or multiple 
injections. 

The therapeutic advantages of any of the above-discussed agents 
can be augmented through the use of functional derivatives possessing 
additional amino acid residues added to enhance coupling to carrier or to 
enhance the activity of tiie agent The scope of the present invention is 
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further intended to include fiinctional derivatives of ICAM-1 which lack 
certain amino acid residues, or which contain altered amino acid residues, 
S9 long as such derivatives exhibit the capacity to affect cellular adhesion. 

The antibodies of the present invention and the ICAM-1 molecule 
and the members of the CD18 family disclosed herein are said to be 
"substantially free of natural contaminants" if preparations which contain 
them are substantially free of materials with which these products are 

normally and naturally found. 

The present invention extends to the use of antibodies, and 
biologically active fragments thereof (whether polyclonal or monoclonal) 
which are capable of binding to ICAM-1 or to a member of the CD18 
family in the freafment of asthma. 

Li providing a patient with antibodies, or fragments thereof 
capable of binding to ICAM-1 or to a member of flie CD18 family, or 
when providing ICAM-1 or a member of the CD18 family (or a fragment, 
variant, or derivative thereof) to a recipient patient, the dosage of 
administered agent will vary depending upon such factors as the patient's 
age, weight, height, sej^ general medical condition, previous medical 
history, etc In general, it is desirable to provide the recipient with a 
dosage of agent which is in the range of from about 1 pg/kg to 10 mg/kg 
(body weight of patient), altiiough a lower or higher dosage may be 
administered. The therapeutically effective dose can be lowered by using 
combinations of the above-described agents (such as, for example, if anti- 
ICAM-1 antibody is additionally administered with an anti-LFA-1 
antibod^). As used herein, one compound is said to be additionally 
administered with a second compound when the administration of the two 
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compounds is in such proximity of time that both compounds can be 
detected at the same time in the patient's serum. 

^ Hie anti-asthma agents of the present invention are intended to 
be provided to recipient subjects in an amount sufficient to lessen or 
attenuate the severity, extent or duration of the asthma symptoms. 

The antibody agents of the invention, or their fragments, may be 
administered either alone or in combination with one or more additional 
anti-asthma agents (such as methybcanthines (such as theophylline), beta- 
adrenergic agonists (such as catecholamines, resorcinols, saligenins, and 
ephedrine), glucocorticoids (such as hydrocortisone and dexamethasone), 
chromones (such as cromolyn sodium) and anticholinergics (such as 
atropine), in order to decrease the amount of such agents needed to treat 
the asthma symptoms. 

The administration of the agent(s) of the invention may be for 
either a "prophylactic" or ^'therapeutic*' purpose. When provided 
prophylactically, the agent(s) are provided in advance of any asthma 
symptom. The prophylactic administration of the agent(s) serves to 
prevent or attenuate any subsequent asthmatic response. When provided 
therapeutically, the agent(s) are provided at (or shortly after) the onset 
of a symptom of asthma. The therapeutic administration of the 
compound(s) serves to attenuate any actual asthmatic episode. The 
agents of the present invention may, thus, be provided either prior to the 
onset of an anticipated asthmatic episode (so as to attenuate the 
anticipated severity, duration or extent of the episode) or after the 
initiation of the episode. 

A composition is said to be "pharmacologically acceptable" if its 
administration can be tolerated by a recipient patient Such an agent is 
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said to be administered in a "therapeutically effective amount" if the 
amount administered is physiologically significant An agent is 
pjiysiologically significant if its presence results in a detectable change in 
the physiology of a recipient patient 

Hie agents of the present invention can be formulated according 
to known methods to prepare pharmaceutically usefid compositions, 
whereby these materials^ or their functional derivatives, are combined in 
admixture with a pharmaceutically acceptable carrier vehicle. Suitable 
vehicles and their formulation, inclusive of other human proteins, e.g., 
human serum albumin, are described, for example, in Remington's 
Pharmaceutical Sciences (16th ed., Osol, A., Ed., Mack, Easton PA 
(1980)). In order to form a pharmaceutically acceptable composition 
suitable for effective administration, such compositions will contain an 
effective amount of anti-ICAM antibody or ICAM-1 molecule, or their 
fimctional derivatives, togetiier with a suitable amount of carrier vehicle. 

Additional pharmaceutical methods may be employed to control 
the duration of action. Control release preparations may be achieved 
through flie use of polymers to complex or absorb anti-ICAM-1 antibody 
or ICAM-1, or their functional derivatives. The controlled delivery may 
be exercised by selecting appropriate macromolecules (for example 
polyesters, polyamino acids, polyvinyl, pyrrolidone, ethylenevinylacetate, 
methylcellulose, carbos^ethylcellulose, or protamine, sulfate) and the 
concentration of macromolecules as well as the methods of incorporation 
in order to control release. Another possible method to control the 
duration of action by controlled release preparations is to incorporate 
anti-ICAM-1 antibody or ICAM-1 molecules, or their fimctional 
derivatives^ into particles of a polymeric material such as polyesters, 
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polyamino acids, hydrogels, poIy(lactic acid) or ethylene vinylacetate 
copolymers. Alternatively, instead of incorporating these agents into 
pplymeric particles, it is possible to entrap these materials in 
microcapsules prepared, for example, by coacervation techniques or by 
interfeicial polymerization, for ocample, hydro^^ethylcellulose or 
gelatine*-microcapsules and poIy(methylmethacylate) microcapsules, 
respectively, or in colloidal drug deliveiy systems^ for example,'liposomes, 
albumin microspheres, microemulsions, nanoparticles, and nanocapsules 
or in macroemulsions. Such techniques are disclosed in Remington's 
Pharmaceutical Sciences (1980). 

D. Glucocorticoids Administered in Combination -with the 
Compositions of the Present Invention 

As discussed in the previous section, the compositions of the 
present invention can be administered in combination with one or more 
other anti-asthma agents. One such example disclosed herein is the 
administration of a glucocorticoid in combination with the compositions 
of the present invention. 

As used herein, two or more compounds are ^id to be 
administered "in combination** with each other when ei&er (1) the 
physiological effects of each compound, or (2) the serum concentrations 
of each compound can be measured at the same time. 

The composition of the present invention can be administered 
concurrentiy with, prior to, or following the administration of the 
glucocorticoid. For e^rample, disclosed herein as Example 6,^e effects of 
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administering dexamethasone (a glucocorticoid) prior to the 
administiafioii of the monoclonal antibody R6 J is presented. 

Having now generally described the invention, the same will be 
more readily understood through reference to the following examples 
which are provided by way of illustration, and are not intended to be 
limiting of the present invention, unless specified. 

EXAMPLE 1 

LUNG EOSINOPHIL ADHESION REACTIONS DEPEND ON 
CDU AND ICAM-1 CELL ADHESION MOLECULES 

In order to evaluate the requirement for cell adhesion of 
eosinophils in their migratory and cytotoxic function, eosinophil adhesion 
in vitro was tested. In particular, the role of the GDIS femily of cellular 
adhesion molecules, and of ICAM-1, in primate eosinophil adhesion to 
protein coated plastic and to human endothelium was examined. 

Eosinophils were obtained by bronchoalveolar lavage from adult 
male cynomegalus monkeys (Macaca fasciailaris)^ purified (>93% by 
morphology) on a Peicoll continuous density gradient, washed, and added 
to 96 well flat-bottom tissue culture plates at a concentration of 5 x 10 
ceDsi/well. After a 60 min. incubation at 3TC, the non-adherent cells were 
removed using a plate v^-ashen Adherent cells were enumerated visually 
(no aggregation or degranulation was observed) and by a colorimetric 
assay which measures eosinophil peroxidase (EPO). 

The eosinophils spontaneously adhered and spread on the bottom 
of untreated wells or of wells coated with inmiune complies (made from 
yfacwis extract and serum from an/!5cara-nmnun^ In contrast. 
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eosinophils did not adhere well to wells coated with proteins, including 
bovine serum albumin, normal monkey serum, or Ascaris extract Of 
various soluble stimuli tested, Platelet Activating Factor (PAF) induced 
the most pronounced and consistent adherence of eosinophils to protein- 
coated wells (Figure 3). 

The role of CD18 adhesion molecules and of ICAM-1 in tills 
adherence process was tested using monoclonal antibodies reactive with 
each of these membrane glycoproteins. Antibodies used induded: R3.3 
and R15.7 (anti-CD18); R3.1 (anti-CDlla); Ml/70 and LM2/1 (anti- 
CDllb); RRl/1 and R6.5.D6 (anti-ICAM-1); and W6/32 (anti HL-A class 

I). 

Adhesion of the eosinophils to immune complex-coated wells 
appeared to be CDllb-dependent, since mAbs against CDllb and CD18 
inhibited adhesion while mAbs against CDlla, ICAM-1, and HLrA did 
not (Figure 4). Identical results were obtained using eosinophils activated 
by soluble stimuli, including PAF, and protein*coated wells. 

Adhesion of eosinophils to endothelial cells activated by LPS (10 
ng/ml) and fixed with glutaraldehyde was also tested. Human umbilical 
vein endothelial cells were prepared as described by Smith, C.W. et oL (J. 
Clin. Invest 82:1746 (1988) which reference is incorporated herein by 
reference). Adhesion of eosinophils induced by PAF (10"^M) to such 
activated endothelial cells was partially inhibited by mAbs against CDlla, 
CDllb, and ICAM, completely inhibited by anti-CD18, and not inhibited 
by anti-HLrA (Figure 5). These experiments revealed that the observed 
adhesion was partially dependent on CDlla, CDllb, and ICAM-1. 

In summaiy, primate lung eosinophils behave nearly identically to 
human neutrophils in membrane adhesion reactions involving CDlla, 
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CDllb, and ICAM-1. The CD18 famfly of CAMs therefore plays a major 
role in eosinophil adherence and is responsible to selective tissue 
accumulation of eosinophils in LAD patients. 

EXAMPLE 2 

ROLE OF ICAM-1 IN EOSINOPHIL INFILTRATION 

In order to demonstrate that ICAM-1 contributed to the 
eosinophil infiltration, airway epithelium desquamation and increased 
airway responsiveness that characterize the airway inflanmiation 
underlying bronchial asthma, the effect of monoclonal antibodies reactive 
with ICAM-1 on asdmia in primates was investigated. Specifically, (a) the 
contribution of ICAM-1 to eosinophil adhesion to vascular endothelium 
in vitro^ (b) flie induction of ICAM-1 on airway epithelium in vitro and in 
vivo as well as on bronchial vascular endothelium in vivo^ and (c) the 
contribution of ICAM-1 to the eosinophil mfiltration and increase in 
airway responsiveness induced by multiple inhalations of antigen in vivo 
were investigated. 

Primate lung eosinophils were stimulated with platelet-activating 
fiictor ^AF, IC^NQ, and incubated in the presence of lipopolysaccharide 
(LPS, 10 ng/ml) stimulated cultured human umbilical vein endothelial cells 
QEIUVECs) in order to assay for cellular adhesion. Eosinophils were 
obtained by bronchoalveolar lavage from adult male cynomolgus monkeys 
(Macaca fasdctdaris) with airway eosinophilia, purified (morphologically 
>95% pure) on a Percoll continuous density gradient (Riding, G*A. etoL, 
/• Immunol Meifu 46:113 (1981)), washed and added to 96 well flat 
bottom tissue culture plates (5 x IQ^ cells/well). After a 60 minute 
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incubation at ZVC^ the non-adherent cells were removed by an automated 
plate washer. Adherent cells were quantitated visually and by a 
colorimetric assay for eosinophil peroxidase, EPO (Strath, M. et oL, / 
Immunol Metfu £3:209 (1985)). Human umbilical vein endothelial cells 
were isolated, cultured to a confluent monolayer in each well, stimulated 
for 4 hours with LPS and finally fixed in 1% glutaraldehyde (Smith, CW. 
et oL, /. Clin. Invest. 82:1746 (1988)). Immune complex wells were made 
by coating vnthAscaris extract followed by serum from an /4^ca;zf -sensitive 
monkey. 

Adhesion was found to be significantly inhibited by the anti- 
ICAM-1 monoclonal antibody RRl/1 (Rothlein, R. et aL, J. Immunol 
137:1270 (1986); Marlin, S.D. et al, Cell Ji:813 (1987)) (Figure 6A). In 
contrast, the anti-HLA class I control monoclonal antibody W6/32, which 
also binds to HUVECs (Smith, CW. et al, / Clin. Invest 82:1746 (1988)), 
did not inhibit eosinophil adherence (Figure 6A). 

Adherence of primate lung eosinophils to immune complex coated 
plastic was not inhibited by RRl/1 (Figure 6B) demonstrating the 
specificity of the inhibition of adherence to endothelium. These results 
indicate that ICAM-1 is important for eosinophil adhesion to endothelium 
and thus may contribute to eosinophil migration into inflamed tissues in 
vivo. 

In addition to being required for migration into tissue, leukogrte 
adhesion is a prerequisite for c^otoxic tissue injuiy. Inhibition of 
adhesion of effector to target cells has been reported to reduce both 
lymphocyte and granulocyte mediated killing in vitro and allograft 
rejection in vivo (Martz, E. et al, I Immunol 133:2971 (1984))- Since 
eosinophils and their products have been implicated in airway epithefium 
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d squamation (Frigas, E. et aL, J. AUergy Cluu Immunol 77.511 (1986)) 
which in turn is strongly linked with ainvay hypenesponsiveness (Laitinen, 
et aL, Am, Rs». Respir. Dis. 137:61 (1988)) and asthma qmiptoms 
(Hargreave, EE et aL, J. AUergy din. Immunol €8:347 (1981); Boulet, Lr 
fetal,/, AUer^ Clin. Immunol 71:399 (1983); Chan-Yeung, M.etal, 
Am, J. Med 72:411 (1982); Fiigas, E. et aL, J. Atterg^ CUn. Immunol 
77'Sn (1986)), tiie effects of various pro-inflammatory cytokines on 
ICAM-1 induction on airway epithelial cells in y^tro was invest^ated. 
Usmg an EUSA assa:y (Rothlein, R. et aL, J, Immunol 141:1665 (1988)) 
and the anti-ICAM-l monoclonal antibodies RRl/1 and R6.5 (Smith, 
C.W. et aL, J, CUn. InvesL 82:1746 (1988)) it was found that 16 hour 
stimulation with interleukin-1 bet (ILrlb), human recombinant tumor 
necrose factor alpha (TNFa), and human recombinant interferon gamma 
(DFNg) enhanced ICAM-1 expression on a monolay^ of cultured monkey 
bronchus epithelial cells (Table 2). 

Table 2 diows the effects of pro-inflamraatoiy cytokines on 
induction of ICAM-1 on brondiial epithelial cells in vitro. The rhesus 
monkey bronchus epithelial cell line 4MBr-5 (obtained from American 
lype Culture Collection) was cultured to a confluent monolayer and then 
stimulated for 16 hours with IL-lb. TNFa or IFNg. EUSA assays for 
ICAM-1 [monoclonal antibodies RRIA (Rothlein, R. et al, J. Immunol 
137:m0 (1986); Marlin, S.D. et al, CeU 52:813 (1987)) and R6.5 (Smith, 
C.W. etal, J. Clin. InvesL 82:1746 (1988))] and LFA-1 alpha [monoclonal 
antibody R3.1 (Rothlein, R. et al, J. Immunol 141:1665 (1988))] 
repression were performed as previously described (Rothlein, R. et aL, J. 
ImmunoL 141:1665 (1988)). The numbers represent ^e mean of optical 
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density units (relative to normal mouse gamma globulin background) for 
duplicate cultures and is representative of four individual experiments. 



TABLE 2 



Optical Denritv Units 

RRIA R65 R3.1 

Stimulus ' Concentration (anti-ICAM-1) (anti-ICAM-1) (adilFAfa) 



none 




92 


206 


-27 




0.1 units/iml 


130 


253 


-33 




1 unit /ml 


166 


253 


-32 




10 units/ml 


149 


322 


-37 


TNFa 


1 unit Ani 


100 


236 


-30 




10 units/ml 


131 


266 


-29 




lOOunitsAnI 


159 


346 


-31 




1000 nnits/knl 


178 


416 


-36 


IFNg 


0.1 unitsiAnl 


138 


276 


-16 




1 unit /knl 


263 


423 


-17 




10 units/ml 


413 


673 


-26 




100 unitsAnI . 


576 


940 


-27 



The time course of enhanced ICAM-1 expression (Table 3) was 
found to be similar to that previously reported for HUVECs in litro 
(Smith, CW. et al, J. Clin. Invest. 82:1746 (1988)) and human skin 
keratinocytes in vivo (Wantzin, G.L. et al, J. Am. Acad. DermatoL 20:782 
(1989)). As expected, the anti-LFA-1 alpha monoclonal antibody R3.1 
(Rotfalein, R. et al, J. Immunol 141:1665 (1988)) did not bind to 
unstnnulated or stimulated bronchial epithelium (Table 2). Hiese results 

* 
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suggest that ICAM-1 could contribute to leukocyte (e.g., eosmopbil) 
mediated desquamation of aiiway epithelium in wvo. 

Table 3 shows the time course for flie induction of ICAM-1 on 
bronchial epidieUal cells in vitro. The rhesus monkey brondius epithelial 
cell line 4MBr-5 (obtained from American Type Culture Collection) was 
cultured to a confluent monolayer and then stimulated for various time 
periods with Il>lb (10 ng/knl) or IFNg (10 units/inl). An ELISA assay for 
ICAM-1 ejq>ression [monoclonal antibody R6.5 (Smith, CW. et aL, /. Clin. 
Invest 82:1746 (1988))] was performed as previously described (Rothlein, 
R. et oL, J, Immunol 141:1665 (1988)). The numbers represent the mean 
of optical density units (relative to normal mouse gamma globulin 
background) for triplicate cultures and is representative of two individual 
experiments. 



TABLE 3 



Stimulation Time 


Stnnulus 




^ouis) 




IFNg 


0 


215 


215 


2 


240 


250 


4 


296 


349 


8 


364 


349 


16 


417 


826 


24 


369 


812 


48 


472 


672 



EXAMPLES 

CX)NTIUBUTrON OF ICAM-1 TO DESQUAMATION IN TWO 
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To further investigate the ability of ICAM-1 to contribute to 
eosinophil-mediated desquamation of airway epithelium in vivo^ 
inimiunohistochemical staining was conducted to determine if multiple 
inhalations of antigen induce ICAM-1 expression on airway epithelium in 
vivo. 

Tissues were stained using a modification of a previously described 
protocol (Wantzin, G-L. et oL, J. Am. Acad. Dermatol 20:7S2 (1989)). 
Briefly, tissue specunens were removed and frozen in liquid nitrogen. 
After ciyo-sectioning, 5-10 micron sections were fixed in acetone for 10 
minutes and either stained immediately or stored at -20^C Staining was 
performed using the Biotein-Strept Avidin System kit according to 
manufactures protocols (BioGenex, CA). Primarily antibody was 
incubated with tissue as undiluted culture supematants (RPMI 1640 
medium with 10% FBS) for one hour at room temperature. Blocking for 
non-specific protein binding was accomplished by applying normal goat 
serum. AEC (3-amino-9-ethylcarbazole) was used as a substrate and the 
sections were counterstained with Mayer*s Hematoxylin. 

Intense staining for ICAM-1 was found on both the epithelium 
(basilateral portion only) and on the vascular endothelium of a trachea 
section taken from an Ascaris antigen sensitive monkey twenty minutes 
after the third of three alternate day Ascaris inhalations. Staining for 
LFA-1 alpha (Anderson, D.C et al., J. Inf. Dis. 252:668 (1985); Anderson, 
D.C et oL, Ann. Rev. Med. 38:175 (1987); Todd, ILR et oL, 
HematoL/OncoL Clinics N. Amen 2:13 (1988)) but not on airway 
epithelium (Table 2) revealed a leukocyte infiltration in the interstitium 
that appeared to be most marked just below the epithelial basement 
membrane. In addition leukocytes were notable between epithelial cells 
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primarily at the basilateral portion of the epithelium where ICAM-1 
staining was most pronounced. Little or no nonspecific staining was 
ojbserved using mouse serum. Staining (using ICAM-1, LFA-1 alpha and 
mouse serum) in a trachea section taken fi'om an-^^cam-sensitive monkey 
tsvcnty minutes after a single inhalation otAscaris^ revealed, as expected 
based on the time required for its expression (see Table 3 and references 
Wantzin, aL. etoL^L Am, Acad. Dermatol 20:782 (1989); Smith, CW. 
€t aL, / Clin. Invest 82:1746 (1988), which references are incorporated 
herein by reference), little or no ICAM-1 staining was found on the 
epithelium or vascular endothelium in this section. 

In addition, although pockets of leukocyte infiltration were found, 
leukoc^es were not accumulated just below the epithelial baseline 
membrane and were not found between epithelial cells. Thus, these 
immunohistochemical staining results further suggest an ICAM-1 
dependent eosinophil-epithelial cell interaction may contribute to the 
desquamation of airway epithelium found in asthmatics. 

EXAMPLE* 
m VIVO EFFECT OF ICAM-1 ON ASTHMA 

Having demonstrated a potential role for ICAM-1 in the 
pathogenesis of airway hyperresponsiveness and asthma using the in vitro 
and immunohistochemical protocols described above, the in vivo effect of 
anti-ICAM-1 antibodies was investigated* For these studies, an asthma 
animal model was employed. The model may be used with any manmial, 
but it is most preferable to employ primates in the model. To induce an 
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asthmatic episode, inhalations of antigen were provided to a monkey on 
three alternate days. This regimen induced a consistent (usually greater 
tlfan 8 fold) increase in airway responsiveness to inhaled methacholine in 
monkeys (Wegner, CD. et oL, Am. Rev. Respir. Dis. iJP:A324 (1989), 
which reference is incorporated herein by reference). This increase in 
airway responsiveness is preceded by an intense eosinophil infiltration and 
is similar in magnitude to that induced in asthmatics during the pollen 
season (Boulet, L-P ei al, / AUer^ Clin. Immunol 71:399 (1983); 
Sotomayor, R et oL, Am. Rev. Respir. Dis. 130:56 (1984)) or on continued 
exposure to occupational allergens (Chan-Yeung, M. et oL, Am. /. Med 
72:411 (1982); Lam, S, et oL, J. Allergy Clin. Immunol 72:134 (1983); Lam, 
S. et al, J. Allergy Cliru Immunol 55:28 (1979)). In lieu of methacholme, 
histamine or other similar compounds and methacholine equivalents can 
be employed. 

Using this animal model, the effect of the anti-ICAM-1 
monoclonal antibody R6.5 on eosinophil infiltration and the induction of 
airway hyperresponsiveness in vivo was investigated. 

In accordance with the model, airway cell composition and airway 
responsiveness were determined three days prior to (Day 0) and three 
days after (Day 10) three alternate day (Day 3, 5 and 7) inhalations of 
antigen (Wegner, CD. et al. Am. Rev. Respir. Dis. 139:A324 (1989)), 
Airway cell composition was measured by bronchoalveolar lavage (BAL). 
Airway responsiveness was measured by determining the concentration 
(PQoa) inhaled methacholine that caused a 100% increase in 
respiratoiy system resistance. R6.5 was administered intravenously at 1.76 
mg/kg daily on Days 2-9. Studies with R6.5 treatment were compared to 
bracketing control studies performed on each animal. 
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R6.5 (anti-ICAM-1) treatment attenuated the eosinophil 
infiltration in all five animals studies (Figure 7A). The increase in airway 
r^onsiveness (decrease in inhaled methacholine PCjoq) was also inhibited 
in all five animals, markedly in four (Figure 7B)- Surprisingly, in two 
animals (c and d) airway responsiveness not only did not increase (as it 
had in control studies) but actually decreased (methacholine PQao 
increased) with R6.5 treatment, despite the multiple inhalations of 
antigen, demonstrating a reversal of an elevated basal airway 
responsiveness in these animals. 

In summary, these results demonstrate that ICAM-1 is selectively 
induced on chronically inflamed tracheal vascular endothelium in vivo^ 
that ICAM-1 contributes to eosinophil adhesion to vascular endothelium 
in viirOf and that an anti-ICAM-1 monoclonal antibody attenuates inhaled 
antigen-induced eosinophil infiltration in vivo. Furthermore, ICAM-1 
egression is enhanced on cytokine stimulated airway epithelium in vitro 
and selectively induced on chronically inflamed tracheal epithelium in vivo 
indicating that ICAM-1 may contribute to airway epithelium 
desquamation in vivo. An anti-ICAM-1 monoclonal antibody was able to 
inhibit the increase in airway responsiveness induced by multiple 
inhalations of antigen in monkeys. 

These results indicate that ICAM-1 plays a pivotal role in the 
pathogenesis of airway hyperresponsiveness and asthma. ICAM-1 
similarly contributes to the onset and progression of other diseases 
characterized by airway inflammation [e.g., chronic bronchitis, 
emphysema, idiopathic pulmonary fibrosis, etc. (Guenter, C.A. et oL, Am. 
Rev. Respin Dis. 123:79 (1981); Rossi, G,A el oL, Am. Rev. Respir. Dis. 
129:850 (1984); Humunghake, G.W. et oL, Am. J. Pathol P7:149 (1979); 
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Hunninghake, G.W. et aL, Am. Rev. Respir. Dis. 225:407 (1981))] or 
eosinophil infiltration and tissue sensitization / destivction [e.g., rhinitis, 
nasal polyposis, chronic urticaria and atopic dermatitis (Mygind, N., 
AUa^ 34:195 (1979); Mullarkey, M.F. et aL, J. AUergy Clin. ImmunoL 
65:122 (1980); Peters, M.S. et aL, J. Invest DermatoL 81:39 (1983); 
Leifennan, KM. et aL, N. EngL J. Med. 313:282 (1985); Spiy, CJ.F. et aL, 
Int. Archs. Allergy appL Immun. 77-352 (1985))]. Thus, agents which 
prevent or attenuate such cellular adhesion may be employed in the 
treatment of these diseases in the same manner as they may be used to 
treat asthma. 

EXAMPLES 

EFFECTS OF SINGLE AND MULTIPLE INHALATIONS OF 
ANTIGEN ON AIRWAY RESPONSIVENESS IN MONKEYS 

In animals (Lanes, S. et aL. J. AppL PhysioL 57:864-872 (1986), 
Marsh, W.R. et aL, Amer. Rev. Respir. Dis. iJ7:875-879 (1985)), as well as 
in man (Cartier, A. et aL, J. Allergy Clin. ImmunoL 70:110-111 (1982), 
Cockcroft, D.W. etal.. Clinical Allergy 7:503-513 (1977), a single inhalation 
of an allergen can cause a mild (2-6'fold) increase in airway responsive^ 
ness. Repeated allergen exposures, such as those that occur in man 
during the pollen season (Boulet, L.-P. el aL, J. All&gy. Clin. ImmunoL 
71-399-406 (1983), Sotomayor, H. et aL, Amer. Rev. Respir, Dis. 130-56-5S 
(1984)) or in an occupational setting (Chan-Yeung, M. et aL, Amer. J. 
Med. 72:411-415 (1982), Lam, S. et aL, J. AUergy Clin. ImmunoL 72:134-139 
(1983), Lam, S. et aL, J. AUergy Clin. ImmunoL (53:28-34 (1979)), have 
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been reported to cause greater (often +. 10 fold) increases in airway 
responsiveness. 

Multiple (4 weekly) instillations of antigen coated beads induce a 
10 fold increase in airway re^onsiveness in monkeys (Gundel, R.H. et aL, 
Amen Rev. Respir. Dis. 140:629'633 (1989), which reference is 

« 

incoq)orated herein by reference). 

In order to more develop a useful animal asthma model, the 
effects of single and multiple antigen inhalations on ainvay responsiveness 
to inhaled methacholine in monkeys was investigated. Since airway 
inflammation (Marsh, W.R, et aL, Amen Rev. Respir. Dis. iJ/:875-879 

(1985) , Sotomayor, H. et aL, Amen Rev. Respir. Dis. 130:56-58 (1984), 
Lazarus, S.,Amen J. Med. Sia-l (1986), O'Byme, P.M., Chest 90:515-511 

(1986) ), especially eosinophil infiltration (Gundel, R,R et oL, Amen Rev. 
Respin Dis. 140:629-633 (1989), DeMonchy, I.G.R. et oL, Amer. Rev. 
Respir. Dis. 131-313-316 (1985), Wardlaw, A.J. et aL, Amer. Rev. Respir. 
Dis. 137i62'69 (1988)), has been hypothesized to play a role in the 
pathogenesis of airway hyperresponsiveness, airway cellular composition 
was concomitantly investigated. 

In order to investigate these effects, seven adult male cynomolgus 
monkeys (Macaca fascicularis, Charles River Primate hnports, Port 
Washmgton, NY) weighing 4.6 to 8.2 kg were studied. All animals 
demonstrated a naturally occurring and reproducible respiratoiy sensitivity 
to inhaled ^eorfr suum extract Animals were studied anesthetized with 
ketamine hydrochloride (1 mg/kg, i,m.; Ketaset, Bristol Laboratories) and 
^lazine (4 mg/kg, i.m.; Rompun, Miles Laboratories, Inc.), intubated with 
a cuffed endotracheal tube (5.5 mm ID; Mallinckrodt Critical Qire, cat 
#86048) and seated in an upright position in a specially designed support 
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chair. Ketamine (4 mg/kg, i.m.) was used alone to supplement anesthesia 
as needed. 

, Airway responsiveness (methacholine PC,oo) followed by airway 
cell composition (BAL) were determined one day prior to and twenty 
hours after a smgle inhalation of Ascaris extract or three days prior to 
(Day 0) and three days after (Day 10) three alternate day (Days 3, 5 and 
7) inhalations oi Ascaris extract All seven animals were studied in both 
protocols. A letter designation was assigned to each animal for 
presentation of results. 

In asthmatics, the peak increase in airway responsiveness occurs 
three to twenty-four hours post allergen challenge (Cartier, A. et aL, J. 
AUergy din. ImmunoL 70:170-177 (1982), Cockcroft, D.W. et aL, Clinical 
Allergy 7:503-513 (1977), Durham, S.R. et oL, J. Allergy Clin. IrrununoL 
7P:398-406 (1987)). Thus, airway responsiveness was measured twenty 
hours after the single inhalation of antigen. 

However, to avoid anesthetizing each anunal for a fourth time in 
a six day interval, airway responsiveness was not measured twenty hours 
after tiie multiple inhalation of antigen. Instead, airway responsiveness 
was measured tiiree days after the multiple inhalations of antigen. It was 
discovered tiiat airway inflammation (i.e. eosinophil infiltration) still 
persists fliree days after antigen inhalation (Wegner, CD. et aL, Amer. 
Bev. Respir. Dis. 135:A221 (1987) which reference is incoiporated herein 
by reference). 

Ascaris suum extract (Greer Laboratories, cat #B-33) was 
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employed as antigen in the studies. The extract was diluted in phosphate 
buffered (SmM. pH 7.4) saline (0.5%) (PBS), compressed air nebulized 
(Bird Micronebulizer, model 8158) and administered by intermittent 
positive pressure breathing (Bird Mark 7A Respirator) consisting of 30 
inhalations to 20 cm KJ) in approximately two minutes. For each animal, 
fhe previously determined concentratfon otAscaris extract that caused a 
reproducible 150 to 300% acute increase in respiratory system resistance 
was used. Methacholine challenges were performed in an identical 
manner except that they consisted of onfy 15 breaths in one minute* 

Respiratory system impedance (Zrs) was measured by discrete 
frequency (4*40 Hz in 11 equal logarithmic steps) sinusoidal forced 
oscillations superimposed on tidal breathing as described by Wegner, CD. 
cf aL (Respir. PhysioL 55:47-61 (1983) which reference is incorporated 
herein by reference). The mean of the real or in-phase component otitxs 
over the frequency range was then computed to provide a single value 
representation of respiratory system resistance (Rrs). Rrs was measwed 
at 3, 7, 10, 15, 20 and 30 minutes after each antigen challenge and at 1 
and 3 minutes after each methacholine challenge. 

Airway Responsiveness was assessed by determining the concentra-^ 
tion of nebulized and inhaled methacholine that induced a 100% increase 
in Rrs (PC|oo)« accomplished by admim'stering increasing 

concentrations of methacholine (dUuted with PBS) in half-logarithmic 
steps (at 7 minute intervals) until a greater than 100% increase in Rrs 
from baseline was obtained. The PCjoo calculated by linear 

regression analysis of the last two or three points on the logarithm 
methacholine concentration versus percent increase in Rrs plot 

Airway cell composition was assayed by bronchoalveolar lavage 
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(BAL). A pediatric fiberoptic bronchoscope (Olympus Corporation, 
model BF-3C4) was guided past the carina until it wedged into typically 
a (fifth to seventh generation bronchus. A single 15 ml aliquot of 
bicarbonate buffered (0.5 mM) normal saline (pH 7.4) was then infused 
and gently aspirated (return volume range from 7 to 10 ml) through a 
channel in the bronchoscope. Total leukocytes/ml of BAL was deter- 
mined using a Coulter counter (Coulter Electronics, model 2^,)« 
DijKerential cell counts (a total of 200 cells counted) were performed on 
Wright-Giemsa strained cytocentrifuge (Shandon Cytospin, model 2) 
preparations. To prevent the effects of a prior BAL on subsequent BAL 
determinations, the BALs performed prior to and after antigen challenge 
were done on opposite sides of the lungs. 

Analysis of variance was performed using the nonparametric 
Kruskal-Wallis Test (Chi-square approximation). Correlations were 
performed using Pearson product-moment and Spearman ranks of the 
variables. A p value of > 0.05 was considered not significant 

The single inhalation of antigen caused an acute increase in Rrs 
(307 ± 62%) that peaked 10 - 15 minutes post challenge, an increase in 
airway leukocytes (267 ± 19 to 694 ± 142 x lOVml of BAL, p > = 
0.018) and a decrease in methacholine PCjoq in 3 animals that was 
moderate (> 8 fold) in two (Figure 8A). The increase in airway leukocy- 
tes consisted of an infiltration of eosinophils in all animals (Figure SB), 
neutrophils in 3 animals (Figure 8C), macrophages/ monocytes in 5 
animals (Figure 8D) and lymphocytes in 4 animals (Figure 8E), The 
magnitude and direction of the change in airway responsiveness 
(methacholine PC|oo) did not correlate with the intensity of the acute 
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increase in Rrs or with the magnitude/enstence of the infiltration of any 
leukocjrte sub^e (Table 4). 

, The multiple inhalations of antigen caused acute increases in Rrs 
(178 ± 48%, 380 ± 83% and 331 ± 63%, respectively), and increase in 
airway leukocytes (209 ± 42 to 553 ± 129 x 103/ml of BAL, p > X? = 
0.0088) and a decrease in metfiacholine PCioo in all 7 animals that was 
moderate (> 8 fold) in two and severe (> 80 fold) in three (Figure 9A). 
The increase in airway leukocytes consisted of a marked infiltration of 
eosmophils figure 9B) and slight infiltration of neutrophils (8.5 ± 2.6 to 
31.0 ±7Jx 103/mI of BAL, p > X? = 0.010). There was no significant 
infiltration of macrophages/monocytes (179 ± 36 to 209 ± 40 x 103/ml of 
BAL) or lymphoqrtes (3.0 ± 1.2 to 3.0 ±13% 103/ml of BAL). The 
magm'tude of the increase in airway reactivity (decrease in PCioo) 
correlate with the intensity of the eosinophfl infiltration or with the 
magnitude/direction of the change in airway reactivity (PCioo) induced by 
the single inhalation of antigen (Table 5). 
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TABLE 4 

^ Comparison of Change in Methacholine PQoo to the Bronchoconstriction 
And Leukocyte Infiltration Induced By A Single Inhalation of Antigen* 


Animal 


Change m 
Log. PCioo 


Increase 
in Rrs (%) 


Leukocyte Infiltration 
(jaC/ml BAL) 


Eosin. 


Neut 


Mac./ 
Mono. 


Lympho. 


1 a 


•1.02 


494 


23 


297 


105 


3.3 


1 ^ 


-0.95 


278 


266 


-33 


421 


20.5 


1 ^ 


-0.75 


181 


668 


87 


104 


2.7 


1 ^ 


0.16 


244 


242 


6 


253 


18.6 


1 ^ 


0.21 


525 


38 


-6 


-73 


-1.6 


1 ^ 


0.24 


66 


124 


-2 


-78 


-3.0 


g 


0J6 


360 


221 


178 


264 


-0.4 
















1 Mean 


-0.25 


307 


226 


76 


142 


5.8 


S.E. 


±0.24 


±63 


±82 


±46 


±69 


±3.7 



Definitioii of abbreviations: 

Log. - logarithm base 10; PC^^ - provocative concentration of 
methacholine required to cause a 100% increase in Rrs; Rrs - respiratoiy 
system resistance; BAL - bronchoalveolar lavage; Eosin - eosinophils; 
NeuL - neutrophils; M ^c./Mono. - macrophages/monocytes; Lympho. - 
lymphocytes. 

* No significant correlations were found. 
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Table 5 




Comparison of Change In Methacholine PC^oo To Eosinophil Infiltration 
Induced By Multiple Inhalations of Antigen To The Change 
in Methacholine PC,oo Induced By A Single Inhalation 

of Antigen * 


* 

Anhnal 


Multiple Inhalations of Antigen 


Sine Inhalation of 
Ag. Change in 

Log. r<J,oo 


Chanse in Loe- 


Eosin. Infiltration 
(xlO'jnl BAL) 


d 


-2.66 


144 


0.16 


b 


-2.13 


352 


-0.95 


e 


-L95 


409 


0.21 


a 


-1.07 


135 


-1.02 


g 


-0.97 


174 


036 


c 


•0.43 


206 


-0.75 


f 


-0.27 


109 


0.24 










Mean 


'136 


218 


-0.25 


S.E. 


±034 


±44 


±0.24 



Definition of abbreviations: Log * logarithm base 10; PQoo' - 
provocative concentration of methacholine required to cause a 100% 
increase in respiratoiy system resistance; BAL * bronchoalveolar lavage; 
Eosin. * eosinophils; Ag. - antigen. 



* No significant correlations were found. 
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These experiments demonstrate that non-specific airway hyper- 
responsiveness, as assessed clinically by responsiveness of the airways to 
inhaled histamine, metfaacholine, exercise or cold air, is a characteristic 
feature of asthma (Boushey, H.A. et aL, Am, Rev. Respir. Dis. 12^3S9-A^3 
(1980), Hargrave, F.E. et aL, J. Allergy Clin, Immunol 68:347-355 (1981)). 
While the mechanisms underlying the pathogenesis of airway hyper- 
responsiveness are not known, results from many studies suggest that 
leukoqrte infiltration (Gundel, KK.etaL, Amer. Rev. Respir. Dis. 140:629- 
633 (1989), Marsh, W.R. etai, Amer. Rev. Respir. Dis. 131:875-879 (1985), 
Lazarus, S.,Amer. J. Med. 81:2-7 (1986), O'Byme, P.M., Chest 90:515-577 
(1986), DeMonchy J.G.R. et aL, Amer. Rev. Respir. Dis. 131:373-376 

(1985) , Wardlaw, AJ. et oL, Amer. Rev. Respir. Dis. 137:62-69 (1988), 
Metzger, W.J. et aL, Chest 89:477-483 (1986)) and/or mediators released 
by resident or infiltrating cells (Lanes, S. a aL, /. AppL Physiol 61:864-872 

(1986) , Lazarus, S., Amer. J. Med. 81:2-7 (1986) O'Byme, P.M., Chest 
90'.575-577 (1986), Wardlaw, A.J. et aL, Amer. Rev. Respir. Dis. 137:62-69 
(1988), Aizawa, H. et aL, J. Appl Physiol 5P: 1918-1923 (1985), O'Byme, 
P.M. etal. Prostaglandins •^:537-543 (1984), Schuhnan, E.S., Chest 90:578- 
586 (1986)) are involved. 

Antigen inhalation is known to induce an acute neutrophil and 
more chronic eosinophil airway infiltration (Wcgner, CD. et aL, Amer. 
Rev. Respir. Dis. 135:A22\ (1987)). A chronic idiopathic airway eosinop- 
hilia has been found to be associated with severe (> 80 fold) airway 
hyperresponsiveness (Wegner, CJ>. etal, Amer. Rev. Respir. Dis. 135:A222 

(1987) ). Multiple (four weekly) intratracheal instillations of antigen- 
coated beads have been found to induce marked increases in aimay 
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eosinophils and responsiveness (> 8 fold) (Gundel, R.H- et oL, Amer, Rev. 
Respin Dis. 140:629-633 (1989)), The experiments presented above 
provide a comparison of the effects of a single versus multiple (three 
alternate day) inhalations of Ascaris suum extract on airways respon- 
siveness and leukoqrte composition in *'allergic" monkeys. 

The single inhalation of antigen resulted in an acute broncho- 
constriction and, as measured 20 hours later, an infiltration of leukocytes 
(primarily and most consistently eosinophils) as well as an increase in 
airway responsiveness (decrease in inhaled methacholine PCjoq) in 3 of 7 
animals that was moderate (>8 fold) in two. These efifects, as weD as the 
frequency which they occurred, are sunilar to those reported for man. 
That is, in allergic asthmatics a single inhalation of antigen induces a 
predommately eosinophilic leukoqrte infiltration (DeMonchy, J.G.R. etaL, 
Amer. Rev. Respin Dis. 131:373-376 (1985)) and an increase (usually mild, 
<8 fold) in airway responsiveness in some individuals (Cartier, A. etoL, 
J. Mergy din. Immunol 70:170-177 (1982), Cockcroft, D.W. et aL, Climcal 
Allergy 7:503-513 (1977)). 

In contrast, the multiple inhalations of antigen induced, as assayed 
three days after the last challenge, an increase in airway responsiveness in 
all seven monkeys that was moderate (>8 fold) in two and sever (>80 
fold) in three. These effects are also consistent with those reported for 
man. During the pollen season, ^the airway responsiveness of allergic 
asthmatics has been reported to increase in all individuals, although to 
varying degrees ^oulet, L.-P. et aL, /. Attergy. Clin. Immunol 71:399-406 
(1983), Sotomayor, H. et al. Amen Reu. Respir. Dis. 130:56-58 (1984)). 
Shnilarly, repeated exposure to occupational allergens has been shown to 
increase airway responsiveness in sensitive individuals (Chan-Yeung M., 
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et aL, Amer. J. Med. 72:411-415 (1982), Urn, S. et aL, J. AUer^ CUtu 
ImmunoL 72:134-139 (1983), Lam, S. et aL, J. Allergy Clin. Immunol 63:2&- 
34 (1979)). 

In both the single and multiple inhalation of antigen protocols, the 
magnitude/direction of change in airway responsiveness did not correlate 
with the intensity of the leukocyte infiltration. This finding emphasizes 
the leukocjrte infiltration alone is not enough to infer their direct 
involvement in the pathogenesis of ainvay hyperreactivity. Rather, the 
amount and type (stimulator or inhibitor) of mediators released by the 
infiltrating and resident cells as well as the interactions occurring between 
the infiltrating and resident cells (e.g., eosinophils and airway epithelium) 
are important factors. 

In summary, as has been previotisly reported for asthmatics, 
multiple (but not single) inhalations of antigen induce a consistent 
(usually > 8 fold) increase in airway responsiveness in monkeys. These 
findings indicate that this animal model can be used to screen for and 
identify agents capable of providing a therapy for asthma. 

While the invention has been described in connection with specific 
embodiments thereof it will be understood that it is capable of further 
modifications and this application is intended to cover any variations, uses, 
or adaptations of the invention following, in general, the principles of the 
invention and including such departures from the present disclosure as 
come within known or customary practice within the art to which the 
invention pertains and as may be applied to the essential features 
hereinbefore set forth as follows in the scope of the appended claims. 
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EXAMPLE 6 

TEIE SYNERGISTIC EFFECT OF GLUCOCORTICOIDS 
AND AN ADHESION RECEPTOR MODULATOR 

Cuirent views of asthma emphasize the importance of an extensive 
clfromo inflammatoiy component and airway hyperresponsiveness in the 
pathophysiology of the disease and expression of asthmatic symptomology. 
This concept has developed, in part, from studies that have demonstrated 
that the severity of asthmatic symptoms, diurnal variations in peak flow 
rates and (he extent of therapy required to control asthma correlate with 
the degree of airway hyperresponsiveness (Hargreave et oL, J. Allergy Clin. 
ImmunoL <»:347-355 (1981); Boulet et oL, J. AUergy Clin. ImmtmoL 
71:399-406 (1983); Chan-Yeung et aL, Am. I Med. 72:411-415 (1982); 
Ryan et aL, Thorax 37'A23A2S (1982); Juniper et oL, Thorax Jtf:575-579 
(1981)). In a primate model of asthma, multiple antigen inhalation 
challenges induces airway inflammation that is chronologically associated 
with airway epithelial cell damage and the onset of airway 
hyperresponsiveness (Wegner et aL, Am. Rev. Respir. Dis. 143:AA18 (1991); 
Wegner et aL, Am. Rep. Respir. Dis 143: A418 (1991)). In addition, it has 
been demonstrated that cellular adhesion proteins play a critical role in 
the development of acute and chronic airway inflammation (Wegner et oL, 
Science 247:456-459 (1990); Gundel et aL, J. Clin. Invest (1991, in press)). 
The results disclosed herein demonstrate that systemically administered 
dexamethasone attenuates the airway inflammation and reduces the airway 
hyperresponsiveness in animals with existing chronic, persistent airway 
inflanunation. The cessation of dexamethasone treatment resulted in a 
rebound of both airway mfiammation and hyperresponsiveness. 
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Tr atment with a monoclonal antibody against ICAM-1 did not affect the 
existing ainvay inflammation and hyperresponsiveness; however, it did 
significantly reduce the influx of new pro-inflammatory cells into the 
airways and subsequent increase in airway responsiveness occurring after 
cessation of dexamefhasone treatment 

Much of the beneficial action of glucocorticoids is due to and- 
inflammatoiy effects. For example, glucocorticoids inhibit the production 
and release of cytokines fi*om various cell types (Siracusa et aL, Am. Rev. 
Respir. Dis. 143:A13 (1991)), suppress the development and release of 
granulocytes from bone marrow (Kellgren and Janus, Bn Med /. 2:1183- 
1187 (1951); JJ. Cream, Bn J. Haematol 15:259-267 (1968)), block the 
activation and subsequent migration of leukocytes out of the vascular 
space (D.R. Boggs, et aL, Am. Jl PathoL 44:763-773 (1964); H.N, Claman, 
N. EngL J. Med. 287:388-397 (1972); Gin et oL, Am. Rev. Respir. Dis. 
752:119-1203 (1985); Gundel et aL, Am. Rev. Respir. Dis. 140:629-633 
(1991, in press)), and inhibit the generation and release of lipid mediators 
in vivo (Gundel et aL, Am. Rev. Respir. Dis. 140:629-633 (1989)), all of 
which can result in a reduction in inflammation. The results disclosed 
herein demonstrate that treatment with dexamethasone effectively reduces 
chronic airway inflammation resulting in an improvement tn lung function 
(reduced airway responsiveness). Therefor, the beneficial effects of 
dexamethasone are, in part, due to the inhibition of cytokines resulting in 
a decreased survival time in the lungs. This is supported by many studies 
showing that cytokines significantly increase eosinophil survival time in 
vitro and that glucocorticoids block this effect on survival time (Okubo et 
oL, J. AUe!^ CM. ImmunoL 87: A837 (1991); Kita et aL, I Mer& CUn. 
ImmunoL 87: A8S8 (1991)). Decreased survival time in the lungs along 
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with an inhibition of the release of granulocytes from the bone marrow 
and a decreased abiKty of circulating leukocytes to infiltrate the airways 
ultimately results in a reduction of airway in fl a mm ation. 

In contrast, the results disclosed herein show that treatment with 
R65 did not reduce the existing airway inflammation. This reflects 
eosmophil survival time in the airways. Previous studies have shown that 
treatment with R6.5 will block the influx of newly recruited cells into the 
lungs (Wegner et oL, Science 247:456-459 (1990); however, it will not 
affect those cells already migrating into the tissue. Since eosinophil 
survival time is an important consideration, the results presented herein 
demonstrate that a longer treatment with the anti-ICAM-I antibody would 
be effective in reducing airway inflammation simply by blocking the influx 
of new cells into the airways while the existing cells die oft 

The results disclosed herein indicate that a combination therapy 
of glucocorticoids with an anti-asthma agent of the present invention is 
effective in reducing the chronic airway inflammation now recognized as 
an important component in the pathophysiology of asthma. The benefits 
of this therapy over the prolonged administration of corticosteroids alone 
include the reduction of adverse side effects know to be associated with 
steroid usage. 

Ammals: 

Adult male cynomolgus monkeys (Macaca fazcjcularis, Charles 
River primate Imports, Port Washington, N.Y.), weighing 4.5 to 7.5 kg 
were studied. AH animals demonstrated a naturally occurring and 
reproducible respiratoiy sensitiviQr to inhaled Ascaris suwn extract 
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Animals were anesthetized with ketamine hydrochloride (4 mg/kg, i.m.; 
Ketaset; Bristol Laboratories, Syracuse, N. Y.) and xylazine (1 mg/kg, i.m.; 
Rompun; M Oes Laboratories, Inc., Elkhart, Ind.), intubated with a cuffed 
endotracheal tube (S;S mm inside diameter, Mallinckrodt Critical Care, 
St Louis, MO.). Ketamine (4 mg/kg, Lm.) was used to supplement 
anesthesia as needed. 

Protocol: 

On day 1 baseline airway cellular composition and airway 
responsiveness to inhaled methacholine was assessed for each animal as 
described below. The animals were anesthetized, intubated and seated in 
an upright position in a specially designed support chair. A cumulative 
methacholine dose response cuive was generated; after which the animals 
were placed in the supine position and bronchoalveolar lavage (BAL) was 
performed. Following BAL each animal received the first of seven 
consecutive daily dosings vnth either dexamethasone (0.2 mg/kg, i.m.) or 
the anti-ICAM-1 monoclonal antibody R6.5 (2 mg/kg, i.v.) in a cross-over 
study design with a 4 week washout period between studies. On day 7 of 
the study, airway responsiveness to inhaled methacholine was assessed 
followed by BAL to monitor airway cellular composition. After a 7 day 
rest period (day 14), airway responsiveness to inhaled methacholine and 
BAL were again evaluated for each animal. Control studies (vehicle 
treatments) were performed on each animal prior to drug studies. 

In another series of studies, all animals were treated with 
dexamethasone as described above; however, at the end of the 7 day 
treatment with d^methasone, each animal then received daily injections 
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of R6.5 (2 mg/kg, iv.) or vehicle for 7 additional days. Airway cellular 
compositioii and airway responsiveness to inhaled methacholine were 
assessed on days 1, 7 and 14 of the study as described above. 

Respirafoiy system resistance (Rxs): 
« 

Respiratory system impedance was measured by discrete frequency 
(4 to 40 Hz in 11 equal logarithmic steps) sinusoidal forced oscillations 
superimposed on tidal breathing. Transrespiratoiy system pressure was 
detemiined by side holes in a P£ 240 catheter at the tracheal end of the 
endotracheal tube connected to a differential pressure transducer 
(Microswitch, model 143PC1D). At the open end of the endotracheal 
tube, airflow was measured with a pneumotachograph (Heich, model 0) 
to a differential pressure transducer (Microswitch, model 163FCX)1D36), 
and forced oscillations were applied to an amplitude of 60 ml/sec with a 
loudspeaker (TBL 14-inch woofer, model 222SH). The mean of the real 
or in-phase component of respiratoiy system impedance over the entire 
frequency range was then computed to provide a single value of Rrs. 

Brochaalveolar lavage (BAL): 

BAL was performed by guiding a fiberoptic bronchoscope 
(Olympus Corporation^ Lake Success, N.Y., model 3C10) past the carina 
and wedged into a 5*^ to 7^ generation bronchus. A 15 ml aliquot of 
bicarbonate buffered saline (pH 7.4) was infused and gently aspirated 
tiurough a channel in the bronchoscope. Collected samples were 
centrifiiged at 2000 RPM for 10 minutes and the resulting cell pellets 
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were resuspended in Ca*"*^ and Mg"*^* free Hank's balanced salt solution. 

' To avoid the possible effects of BAL on airway cellular composition, BAL 

W9S performed on alternation right and left lungs. The return volume of 

infused buffer was consistent throughout the study and the BAL 

procedure was well tolerated by the animals. Total leukocyte counts were 
« 

obtained using a Coulter counter (Coulter Electronics, model #10, 
Hialeah, FL.). Differential cell counts were performed on Wright-Giemsa 
stained qrtocentrifuge preparations (Cytospin, model 2, Shandon, 
Oakland, CA). A total of 200 cells were counted for each determination. 

Methacholine dose response determinations: 

To assess airway responsiveness to inhaled methacholine, 
cumulative dose response curves were constructed by administering 
increasing concentrations of inhaled methacholine until increases in Rrs 
of between 100 to 200 percent were obtained. A vehicle control challenge 
was performed prior to the first dose of methacholine. Changes in Rrs 
were measured at 1 and 3 minutes post aerosol challenge. Aerosol 
challenges were separated by 5 to 8 minutes or until Rrs returned to 
baseline values. 

Deteimination of PClOO values: 

Linear interpolation on a logarithmic scale was used to estimate 
the dose of methacholine at which a 100 percent increase in Rrs would 
^ have occurred. 



4 
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Aerosol d Ihreiy system and inhalation challenges: 

Aerosol inhalation challenges were administered by intermittent 
positive pressure breathing with a Bird Mark 7A respirator and 
micronebulizer (model 8158, Bird Corporation, Palm Springs, CA). Each 
cteillenge consisted of 15 breaths in one mmute (maximum inspiratory 
pressure = 20 cm HjO). Methacholine (Sigma Chemical Company. St 
Louis, MO) was dissolved in phosphate buffered saline at a concentration 
of 300 mg/inl and serial dflutions of 100, 30, 10, 3, 1, 0.3 and 0.1 mg/inl 
were subsequently prepared for nebulization as an aerosol (particle size 
^ 2 microns). 

Statistical smatyss: 

Data were analyzed using a two-way analysis of variance 
(ANOVA) and Friedman's multiple range test 

RESULTS 

The values for baseline airway cellular composition and airway 
responsiveness for each animal is shown in Table 6. All animals studies 
had elevated levels of eosinophils (range = 49.4 to 1320 x lOVml) and 
were hyperresponsiveness to inhaled methacholine (range of log PClOO 
values = -L52 to 0.60 mgAnl). The results of vehicle control studies, 
docamethasone treatment and R6.5 treatment on airway cellular 
composition are shown in Figure 10. During control studies (vehide 
treatment) there were no significant changes in tiie total number of 
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leukocytes or the number of eosinophils recovered by BAL on days 1 and 
7. lYeatment with R6.5 did not significantly effect both the number of 
leukocytes or the number of eosinophils recovered by BAL on days 1 and 
7. In contrast, treatment with d^camethasone significantly reduced both 
the total number of leukocytes and eosinophils recovered by BAL on day 
7 of the study. Treatment with R6.5 had no effect on airway 
responsiveness to inhaled methacholine while dexamethasone treatment 
caused a small but significant decrease in airway responsiveness (Figure 
11). 

Cessation of dexamethasone treatment resulted in an increase in 
the number of leukocytes and eosinophils recovered by BAL (7 days post) 
as well as an increase in airway responsiveness (Figures 12 and 13, 
respectively). TYeatment with R6.5 during this period 
significantly blocked the influx of leukocytes into the airways and the 
increase in airways responsiveness. 
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TABLE 6 








' AIRWAY CELLULAR COMPOSITION AND AIRWAY RESPONSIVENESS 
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Eos — eosinophils 
PMN = neutrophils 
Lymph = lymphocytes 
Mac ss maorophages 
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WHAT IS CLAIMED IS : 

1. A method for treating asthma in a mammal in need of such 
treatment which comprises providing to said mammal a therapeutically 

« 

effective amount of an agent selected from the group consisting o£ 

(a) an antibody capable of binding to ICAM-1; 

(b) a fragment of said antibody (a), said fragment being capable 
of binding to ICAM-1; 

(c) ICAM-1, being substantially free of natural contaminants; 

(d) a functional derivative of ICAM-1; 

(e) an antibody capable of binding to a member of the CD18 
family of glycoproteins; 

(f) a fragment of said antibody (e), said fragment being capable 
of binding to a member of the CD18 frunily of glycoproteins; 

(g) a member of the CD18 family of glycoproteins, being substan- 
tially free of natural contaminants; and 

(h) a functional derivative of a member of the CD18 family of 
glycoproteins. 

2. A method for treating airway inflammation in a mammal in 
need of such treatment which comprises administering to said mammal in 
combination, (a) a therapeutically effective amount of a glucocorticoid 
and (b) a therapeutically effective amount of one or more of an agent 
selected from the group consisting of: 

(a) an antibody capable of binding to ICAM-1; 
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(b) a fragment of said antibody (a), said fragment being capable 
of binding to ICAM-1; 

(c) ICAM-1, being substantially free of natural contaminants; 

(d) a functional derivative of ICAM-1; 

(e) an antibody capable of binding to a member of the CD18 

« 

£amily of glycoproteins; 

(f) a fragment of said antibody (e), said fragment being capable 
of binding to a member of the CD18 family of glycoproteins; 

(g) a member of the CD18 family of glycoproteins, being substan- 
tially free of natural contaminants; and 

(h) a fimctional derivative of a member of the CD18 femily of 
glycoproteins. 

3. The method of claims 1 or 2 wherein said agent is said 
antibody (a) or said fragment (b) of said antibody (a), said fragment being 
capable of binding to ICAM-1. 

4. The method of claim 3 wherein said antibody (a) is a 
monoclonal antibody. 

5. The method of claim 4 wherein said monoclonal antibody is 
the monoclonal antibody R6.5. 

6. The method of claims 1 or 2 wherein said agent is said ICAM- 

1(c). 
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7. The method of claims 1 or 2 wherein said agent is said 
functional derivative of ICAM-l(d). 

8. The functional derivative of the ICAM-1 of claim 7 which 
contains ICAM-1 domain 1. 

9* The functional derivative of the ICAM-1 of claim 7 which 
contains ICAM-1 domain 2. 

10. The functional derivative of the ICAM-1 of claim 7 which is a 
soluble derivative of ICAM-1, 

11- The method of claims 1 or 2 wherein said agent is said 
antibody (e) or said fragment (f). 

12. Hie method of claim 11 wherein said antibody (e) is able to 
bind to an alpha subunit of the CD18 family of glycoproteins. 

13. The method of claim 11 wherein said antibody (e) is able to 
bind to a beta subunit of the CD18 fomily of glycoproteins. 

14. The method of claims 1 or 2 wherein said agent is a member 
of the CD18 family of glycoproteins, being substantially free of natural 
contaminants. 
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ls. The method of claim 14 wherein said member of the CD18 
family of glycoproteins contains an alpha subunit of a member of the 
CDIS family of glycoproteins. 

16. The method of claim 14 wherein said member of the CD18 

« 

&mily of glycoproteins contains a beta subunit of a member of the CD18 
family of glycoproteins. 

17. The method of claim 14 wherein said member of the GDIS 
£unily of glycoproteins is a heterodimer containing both an alpha and a 
beta subunit of a member of the GDIS family of glycoproteins. 

18. The method of claim 14 wherein said agent is a functional 
derivative of a member of the CD18 family of glycoproteins. 

19. The method of claim 2 wherein said glucocorticoid (a) is 
administered prior to administration of said agent (b). 

20. The method of clami 2 wherein said agent (b) is administered 
prior to administration of said glucocorticoid (a) • 

21. A method of identifying an agent capable of therapeutic 
potential in the treatment of asthma which comprises administering said 
agent to a non-human mammal having received multiple inhalations of an 
antigen. 
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22. The method of claim 21 wherein any increase in airway 
responsiveness in said mammal is measured with methacholine or 
histamine. 
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5 ' GCGCCCCAGTCGACGCTGAGCTCCTCTGCTACTCAGA6TT6CAACCTCAGCCTCGCT 

ATG GGT CCC AGC AGC CCC CGG CCC GCG CTG CCC GCA CTC CTG GTC 
HAPSSPRPALPALLV 

CTG CTC GGG GCT CTG TTC CCA GGA CCT GGC AAT GCC CAG ACA TCT 
LLGALFPGPGNA Q T S 

GT6 TCC CCC TCA AAA GTC ATC CTG CCC CGG GGA GGC TCC GTG CTG 
VSPSKVILPR G G S V L 

GTG ACA TGC AGC ACC TCC TGT GAC CAG CCC AAG TTG TTG GGC ATA 
VTCSTSCDOPy L L G I 

GAG ACC CCG TTG CCT AAA AAG GAG TTG CTC CTG CCT GGG AAC AAC 
_i T P L P K K ELLLPGNN 

CGG AAG GTG TAT GAA CTG AGC AAT GTG CAA GAA GAT AGC CAA CCA 
RKV YELSNVQEDSQP 

ATG TGC TAT TCA AAC TGC CCT GAT GGG CAG TCA ACA GCT AAA ACC 
MCYSNCPD GQSTAKT 

TTC CTC ACC GTG TAC TGG ACT CCA GAA CGG GTG GAA CTG GCA CCC 
F L T V Y W T PER V E L A P 



CTC CCC TCT TGG CAG CCA GTG GGC AAG AAC CTT ACC CTA CGC TGC 

L T I L R C 



W 



N 



CAG GTG GAG GGT GGG GCA CCC CGG GCC AAC CTC ACC GTG GTG CTG 
QVEGGAPRA IN L T 



CTC CGT GGG GAG AAG GAG CTG AAA CGG GAG CCA GCT GTG GGG GAG 
LRGE K E LKREPA VG E 

CCC GCT GAG GTC ACG ACC ACG GTG CTG GTG AGG AGA GAT CAC CAT 
PAEVT TTVLVRRD HH 

GGA GCC AAT TTT TC6 TGC CGC ACT GAA CTG GAC CTG CGG CCC CAA 
G A 



N 



SI C 



57 



147 
3 



237 
33 



327 
63 



417 
93 



507 
123 



597 
153 



R 



GGG CTG GAG CTG TTT GAG AAC ACC TCG GCC CCC TAC CAG CTC CAG 
6 L E L F E U—TL-^ A P Y Q L Q 

ACC TTT GTC CTG CCA GCG ACT CCC CCA CAA CTT GTC ACC CCC CCG 
T F V L P A T P P Q L V S P R 

GTC CTA GAG GTG GAC ACG CAG GGG ACC GTG GTC TGT TCC CTG GAC 
VLEVD TQGTVVC S LD 



687 
183 



777 
213 
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GGG CTG nc CCA GTC TCG GAG GCC CAG GTC CAC CTG GCA CTG GGG 
GLFPVSEAQVHLALG 

GAC CAG AGG TTG AAC CCC ACA GTC ACC TAT GGC AAC GAC TCC TTC 

P T V T Y G I H Q Si F 



Q 



N 



TCG GCC AAG GCC TCA GTC AGT GTG ACC CGA GAG GAC GAG GGC ACC 
S A K A S VSVTAEDEGT 

CAG CGG CTG ACG TGT GCA GTA ATA CTG GGG AAC CAG AGC CAG GAG 
QRLTCAVILG | N Q S 



ACA CTG CAG ACA GTG ACC ATC TAC AGC TTT CCG GCG CCC AAC GTG 
TLQTVTIY S F P A P W V 

ATT CTG ACG AAG CCA GAG GTC TCA GAA GGG ACC GAG GTG ACA TGT 
I L T K P E V SEGT EVTV 

AAG TGT GAG GCC CAC CCT AGA GCC AAG GTG ACG CTG AAT GGG GH 
KCEA HPRAK V T L N G V 

CCA CCC CAG CCA CTG GGC CCG AGG GCC CAG CTC CTG CTG AAG GCC 
PAQ PLGPRAQLL LKS 

ACC CCA GAG GAC AAC GGG CGC AGC TTC TCC TGC TCT GCA ACC CTG 
TPEDNGRSFSCS ATL 

GAG GTG GCC GGC CAG CTT ATA CAC AAG AAG CAG ACC CGG GAG CTT 
EVAG QLIHK 



N 



CGT GTC CTG TAT GGC CCC CGA CTG GAC GAG AGG GAT GTG CCG GGA 
RVLYGPRLDERDCPG 

AAC TGG ACG TGG CCA GAA AAT TCC CAG CAG ACT CCA ATG TGC CAG 
N W T I W P E 



N 



Q Q 



M 



GCT TGG GGG AAC CCA TTG CCC GAG CTC AAG TGT CTA AAG GAT GGC 
AW G NP LPELKCLICD G 

ACT TTC CCT CTG CCC ATC GGG GAA TCA GTG ACT GTC ACT CGA GAT 
TFPLPIGESVT VTRD 

CTT GAG GGC ACC TAC CTC TGT CGG GCC AGG AGC ACT CAA GGG GAG 
LEGTYLCRARSTQGE 

GTC ACC CGC GAG GTG ACC GTG AAT GTG CTC TCC CCC CGG TAT GAG 
VTR EVTVNVLS PRY E 

ATT GTC ATC ATC ACT GTG GTA GCA GCC GCA GTC ATA ATG GGC ACT 
I VII T V V A A A V I H G T 
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GCA GGC CTC AGC ACG TAC CTC TAT AAC CGC CAG CGG AAG ATC AAG 1587 
AG I ST YLYN R Q R K I K 483 

AAA TAC AGA CTA CAA CAG GCC CAA AAA GGG ACC CCC ATG AAA CCG 
KYRLQQAQKGTP MKP 



AAC ACA CAA GCC ACG CCT CCC TGA ACaATCCCGGGACAGGGCCTCTTCCT 1683 

NTQAT PP* 505 

CGGCCnCCCATATTGGTGGCAGTGGTGCCACACTGAACAGAGTGGAAGACATATGCCA 

TGCAGaACACCTACCGGCCCTGGGACGCCGGAGGACAGGGCATTGTCCTCATTCAGATA 1802 



CAACAGCATTTG6GGCCATGGTACCTGCACACCTAAAACACTAGGCCACGCATCTGATC 
TGTAGTCACATGACTAAGCCAAGAGGAAGGAGCAAGACTCAAGACATGATGACTGGATGT 1921 



TAAAGTCTAGCCTGATGAGAGGGGAAGTGGTGGGGGAGACATAGCCCCACCATGACGAC 
ATACAACTGGGAAATACTGAAACTTGCTCCCTATTGGGTATGCTGAGGCCCACAGACTTA 2040 



CAGAAGAAGTGGCCCTCCATAGACATGTGTAGCATCAAAACACAAAGGCCCACACTTCC 
TGACGGATGCCAGCTTGGGCACTGCTGTCTACTGACCCCAACCCTTGATGATATGTATTT 2159 



ATTCATTTGTTATTTTACCAGCTATTTATTGAGTGTCTTTTATGTAGCCTAAATGAACA 
TAGGTCTCTGGCCTCACGGAGCTCCCAGTCCATGTCACATTCAAGGTCACCAGGTACAGT 2278 



TGTACAGGTTGTACACTGCAGGAGAGTGCCTGGCAAAAAGATCAAATGG6GCTGGGACT 
TCTCATT6GCCAACCT6CCTTTCCCCAGAAGGAGTGATTTTTCTATCGGCACAAAAGCAT 2397 



TATATGGACTGGTAATGGTTCACAGGTTCAGAGATTACCCAGTGAGGCCTTATTCCTCC 
CTTCCCCCCAAAACTGACACCTTTGTTAGCCACCTCCCCACCCACATACATTTCTGCCAG 2516 



TGTTCACAATGACACTCAGCGGTCATGTaGGACATGAGTGCCCAGGGAATATGCCCAA 
GCTATGCCTTGTCCTCTTGTCCTGTTTGCATTTCACTGGGAGTTTGCATTATTCCAGCTC 2635 



CAGTTTCCTGCAGTGACTCAGGGTCCTGCAAGCAGTGGGGAAGGGGGCCAAGGTATGGA 
GGACTCCCTCCCAGCTTTGGAAGGGTCATCCCCGTGTGTGTGTGTGTGTATGTGTAGACA 2754 



AGCTCTCGCTCTGTCAGCCAGGCTGGAGTGCAGTGGTGCAATCATGGnCACTGCAGTC 
TTGACCrrTTGGGCTCAAGTGATCCTCCCACaCAGCCTCaGAGTAGCTGGGACCATAG 2873 



GCTCACAACACCACACaGGCAAATnG A I II I 1 1 i 1 1 1 1 1 M I i CAGAGACGGGGTCT 
CGCAACATTGCCCAGACTTCCnTGTGTTACnAATAAAGCmCTCAACTGCCAAAAAA 2992 

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 3' FIG. 1c 
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Date of the actual completion f the tntemationai search 
14 DECBMBBR 1992 



Date f mailing f the intctnational search fcpoit 



AuihoiiziBd officer ^^ift^fli^^ fVl'6>^*'t*^ 

THOMAS M. CUNNINGHAM 
Teleph ne N . (703) 3084)196 



Name and mailing address of the ISAf 
ConoMoaer ofnudas and TiradttBsria 

Warfdngtoa,D.C. 20231 
Facsimile N . NOTAPPUCABLB 
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